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The dlataut Henry MountamSj surrounded by directed plateau country, "are similar among themselvM In constitution. They all exhibit dome-like opliftsj they all contaiTi intru^ivn rocks; and their intrusive 
rock3 are all of one lithoJogic type. They are moreover quite by themselves; the aurrounding country is dissimilar in structure, and there is no gradation nor mingiing of character. Thus similar and thus 
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led to the hypothesis that the laccollte is the dominant element of their structure,"— G, K. Gilbert, Geology of the Henry Monntatos, 1877. Photograph by Fairehild Acr|al Surveys. 
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ABSTRACT 

The Henry Mountains region in southeastern Utah is one of the 
classic areas in geology because of the study made there by 
Grove Karl Gilbert in 1875 and 1876. His report on the geology 
of the mountains was the first to recognize that intrusive bodies 
may deform their host rocks and the first to show clearly the 
significance of the evenly eroded plains, now known as pediments, 
at the foot of desert mountains. 

The Henry Mountains with the surrounding structural basin 
is a rugged, dry, and sparsely settled region, a part of the Colorado 
Plateaus province. The natural obstacles of the region — the 
aridity and ruggedness — have kept it primitive. It has not been 
penetrated by modem methods of transportation and thus it persists 
as a roadless frontier. Even the Indians seem to have made 
little use of the region; explorers did not enter it until 1869, and 
settlements were not started until the eighties. 

SettlemeTit and development of the region were interrupted in 
the late nineties when a large fl_ood swept down the Fremont 
River, inundated the villages, destroyed dams and irrigation 
systems, and covered the farm land with silt. This flood inau- 
gurated a period of arroyo cutting that has persisted to the 
present time. In the succeeding years half of Caincville has been 
swept away, four smaller villages were badly damaged and 
abandoned, and more than half of the population of the late 
nineties in the region has moved away. 

Vegetation is sparse because of the aridity. Several floral 
zones are recognized and their distribution reflects clim.atic fac- 
tors controlled largely by altitude. Subdivisions of the zones, 
however, are controlled principally by geologic factors. Thus, 
there are variations in the kind and extent of the plant associa- 
ations depending on such factors as depth to ground v/ater and 
the character of the soil including its texture, permeability, and 
content of salts. 

Sedimentary rocks exposed in the Henry Mountains region 
aggregate about 8,000 ft in thickness and include rocks of 
Permian, Triassic, Jurassic, Upper Cretaceous, and Quaternary 
age. The Permian and Mesozoic rocks are divided into 23 
mappable units, classed as formations or members, five of which 
are Permian, three are Triassic, eight are Jurassic, and seven 
are Upper Cretaceous^ 

More than 80 percent of the pre-Cretaceous rocks are of con- 
tinental origin, for the region is part of a large area that was 
marginal to the main Permian, Triassic, and Jurassic seaways. 
During these three periods the region was a low area, apparently 
a coastal lowland, but only three brief invasions by the marine 
waters of the main seaways are recorded. The Permian sea that 
lay to the west spread into the Henry Mountains region near 
the close of Permian tlrne (as indicated by the Kaibab limestone) 
but it barely extended across the region; the Triassic sea that lay 
to the northwest failed to reach this region; the Jurassic sea 
that lay to the north spread southward twice (as indicated by 
the Curtis and part of the Carmel formations) to the site of the 
Henry Mountains but neither of these two invasions reached the 
southern part of the region. 
210116—53 2 



During Upper Cretaceous time the conditions were reversed, 
at least during that part of the epoch represented by the rocks 
remaining in the region. The sea spread westward across this 
region early in Late Cretaceons time, except for two brief with- 
drawals (as indicated by the Perron and Emery sandstone 
members of the Mancos shale) and the sea persisted over the area 
while 2,000 ft of marine sediments were being deposited in it. 

Younger rocks, probably partly of late Tertiary age but 
mostly Quaternary, are poorly consolidated and relatively thin 
but widespread. They include many classes of deposits of which 
nearly a dozen have been distinguished and mapped. 

The Henry Mountains are in a structural basin that is one of 
the major folds of the Colorado Plateaus. The basin is the 
counterpart of the adjoining Circle Cliffs upwarp and San Rafael 
Swell, being of the same size and form, only inverted. The basin 
is sharply asymmetric and its trough is crowded against the steep 
west flank; the deepest part is 8,500 ft structurally lower than 
the neighboring uplifts. 

Faults are uncommon, except a series of small en 6chelon 
faults that cross the north tip of the basin. Two principal sets 
of joints in the region trend respectively northeast and southeast. 
The structural basin was formed near the close of late Cre- 
taceous time or the beginning of Eocene time, as shown by the 
fact that the Eocene Wasatch formation lies undisturbed across 
folded Mesozoic rocks at Boulder Mountain and at Thousand 
Lake Mountain. The intrusions in the Henry Mountains are 
believed to be mid-Tertiary. 

Each of the Henry Mountains is a structural dome several 
miles in diameter and a few thousand feet high. The big moun- 
tain domes are attributed to the deformation that accompanied 
physical injection of the stocks, because the sedimentary for- 
mations turned up around the stocks occupy the same amount 
of area that they did in their original horizontal position. In 
general the domes have smooth flanks but on most of them are 
superimposed many small anticlinal noses that were produced 
by the laccoliths. At the center of each of the domes is a stock, 
around which the laccoliths and other intrusive bodies are 
clustered. The stocks are of diiierent width and the amount of 
uplift at the mountain domes seems to be a direct function of 
that width. The stocks are crosscutting intrusions, mostly sur- 
rounded by a zone of shattered rocks, which consists of highly 
indurated sedimentary rocks irregularly intruded by innumerable 
dikes, sills, and irregular masses of porphyry. 

As Gilbert showed, the laccoliths are concordant injected 
masses that lifted their roofs by arching. Many of the lacco- 
liths possess a very simple, linearly bulged, tongue-shaped form, 
but where the intrusions are crowded the forms are complex. 
Some of the intrusions have steep sides along which the roof rocks 
were faulted upward. These intrusions are bysmaliths, but 
they are like the laccoliths in all respects except this faulting. 

Several lines of evidence indicate that the laccoliths and 
bysmaliths were injected radially from the stocks: the laccoliths 
are tongue-shaped in plan and make a radial pattern around the 
stocks: their roofs are bulged linearly and the axes of the bulges 
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radiate from the stocks; dikelike ridges on the roofs of the lacco- 
liths and bysmaliths trend away from the stocks. The laccoliths 
may have been injected as sills that later bulged and arched 
their roofs, or, they may have been injected at their full thickness 
and extended distally. Probably the growth was by a com- 
bination of these processes whereby the initial injection was 
wedgeshaped. 

Coherence and competency of the invaded rocks appear to 
have been an important factor controlling the stratigraphic 
distribution of the laccoliths. The pre-Jurassic formations, 
about 5,000 ft thick, which consist of well-bedded, relatively 
coherent, alternating competent and incompetent units contain 
very few laccoliths. The overlying competent and highly co- 
herent sandstones of the Glen Canyon group (Wingate, Kayenta 
and Navajo formations), 1,200 ft thick, contain still fewer lacco- 
liths. The next higher formations, the San Rafael group and 
lower hail of the Morrison formation, about 1,000 ft thick, 
consisting of incoherent, incompetent, poorly bedded rocks and 
interbedded competent layers, contain about 15 percent of the 
total volume of the laccoliths. By far the greatest number of 
laccoliths and bysmaliths (at least 70 percent by volume) are 
in the. highest rocks, the upper half of the Morrison and the 
Cretaceous formations which have a total thickness of about 
2,500-3,000 ft and consist largely of incoherent, incompetent 
shale in very thick units separated by thin competent layers. 
In these incompetent rocks the concordant intrusions are concen- 
trated along the thin competent layers* 

Among the more important factors controlling the form of 
intrusions are the volume and viscosity of the magma and its 
rate of injection. Volume aiiects the form only because very- 
large volume, in general, leads to irregular form. Viscosity con- 
trols intrusive forms because a liquid magma tends to transmit 
the pressure readily and can readily enter all cracks in the strata, 
whereas a viscous magma tends to spread less widely and merely 
bulge, rrogressive increase of viscosity during intrusion tends 
to restrict the spreading of a magma and cause it to bulge. Rate 
of intrusion is a factor in controlling intrusive form because a 
rapid increased rate has the effect of increasing the viscosity. 

probably the domal curvature of a laccoliih is greater under 
greater load, but in the Henry Mountains the range of load — -the 
overburden — was not sufficient to produce very different intru- 
sive forms. The other factors apparently were much more 
important because sheetlike and bulbous intrusions occur side 
by side. It seems probable that the Henry Mountains intrusions 
formed beneath something like a mile of overburden. None of 
the laccoliths or bysmaliths breached the surface rocks but the 
stocks may have penetrated to the surface and erupted. 

The several iaccoiithic mountains in the Colorado Plateaus 
are believed to represent a series of examples of one igneous proc- 
ess that was arrested at various stages of completion. The 
several mountains are rather alike in regard to the form of the 
intrusions, their general structure, and igneous rock types; and 
the stratigraphy and structure of the host rocks is fairly uniform 
at the mountains. The differences between the mountains seem 
best explained by differences in the stage reached by the process 
at the different places. 

All igneous rocks in the Henry Mountains are intrusive. 
These rocks, which include diorite porphyry, monzonite por- 
phyry, aplite, and basalt, have a total volume of about 16 cu 
mi, Diorite porphyry makes up about 95 percent of the total, 
and monzonite porphyry most of the remaining 5 percent. The 
aplite and basalt form only very thin sills and dikes near the 
stocks. 

The diorite prophyry is composed mostly of oligoclase, horn- 
blende, and magnetite phenocrysts in a fine-grained feldspathic 



groundmass. A few intrustions contain augite or biotite in 
addition. The monzonite porphyry contains the same pheno- 
crysts as the diorite porphyry plus small quantities of aegirine- 
augite and very large crystals of soda orthoclase. These rocks 
resemble others in the Colorado Plateaus in containing more than 
average soda and alumina. 

Exceedingly fine-grained feldspathic material and sericite 
have partly replaced the plagioelase phenocrysts along cleavage 
cracks and irregular fractures along composition zones, or in 
irregular areas. 

Inclusions constitute a small percent of the total volume of 
the igneous rocks. Ninety-seven percent of the inclusions are 
composed of the same hornblende and plagioelase that occur in 
the porphyry. These inclusions may be fragments of the wall 
rocks that were altered to produce minerals in equilibrium with 
the magma, or they may be derived from early intrusive differ- 
entiates of the magma. V/hatever their origin, they probably 
were derived at great depth. 

The metamorphic effect of the intrusions is everywhere slight. 
Baking tests of the shale, alteration of coal xenoliths, and theo- 
retical consideration of the fusion temperature of the magma 
indicate that it contained only small quantities of volatile con- 
stituents and that the temperature at the time of intrusion was 
of the order of 500° to 600*^ C. 

Land forms in the Henry Mountains region are spectacular and 
varied. They include deep canyons, hogback ridges (locally 
known as reefs), dunes, badlands, mesas, the mountains and the 
pediments around their base. The relief is about 8,000 ft, the 
altitudes ranging from about 3,500 ft along the Colorado River 
to 11,500 ft at the peak of Mount Ellen. 

The canyons are in the eastern part of the area where the 
Colorado River and its tributaries arc incised into the gently 
dipping sandstones of the Glen Canyon group. The hogbacks, 
or reefs, are along the west and north sides of the area where 
these same sandstones are turned up in the steep flank of the 
structural basin. On the plateau between the canyons, where 
the Entrada sandstone forms the surface, are extensive dunes. 
The uppermost Jurassic and the Upper Cretaceous formations 
form the badlands and mesas. Land forms in the mountains 
reflect the structure of the individual intrusions. AH these 
topographic features are controlled primarily by the kind and 
structure of the bedrock formations. 

Quite different are the extensive pediments which, around the 
foot of the mountains, bevel formations that differ in hardness 
and structure. None of these pediments is a single surface but 
consists of a series of confluent rock fans overlain by fanglom- 
erate deposited after the pediments were formed. The streams 
depositing the fanglomerate head in the mountains and are 
actively eroding in their headward parts but because they dry 
up where they emerge from the mountains onto the desert they 
become agents of aggradation in that part of their course. These 
streams are not primarily responsible for the cutting of the 
pediments. The bedrock surfaces of the pediments are the 
product of erosion by the desert streams, and their bare surfaces 
are covered by fanglomerate only v/hen the graded or aggrading 
mountain streams are diverted onto them. 

All the streams in the region are intermittent except the 
Colorado River and short stretches of the Dirty Devil, Fremont, 
and Muddy Rivers and a few of the streams on Mount Ellen, 
Mount Pennell, and Mount Hillcrs. Flood plain deposits along 
the stream valleys record several periods of arroyo cutting that 
alternated with periods of alluviation; the present cycle of arroyo 
cutting began in the late nineties when a flood swept down the 
Fremont River. 
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Folding in the Henry Mountains structural basin apparently 
has not been renewed since tht; basin was formed during late 
Cretaceous or early Eocene time. After tlie basin was formed the 
Colorado Plateaus as a whole, including the structural basin, 
were uplifted. This uplift probably began in late Eocene to 
early Miocene time but was renewed intermittently tlirough late 
Tertiary time and pt^rhaps even into Quaternary time. Integra- 
tion of the Colorado Kiver system seems to date from the early 
stages of uplift of the Colorado Plateaus. Glen Canyon, the 
yoimgest of the canyons along the Colorado River, was cut after 
the intrusions, of probable mid-Tertiary age, had formed the 
Henry Mountains. 

Water, always a vitally imijortant resource, is scarce; only a 
few streams are jjeremiial, and, <ixcept for the Colorado River, 
their discharge is small and their flow is irregular. Springs are 
few and all are small. The Henry Mountains structural basic 
contains deep artesian water but the quantity and quality are 
highly uncertain. 

The prospects for oil or gas production from the structural 
basin are unfavorable unless the uplifts are rejuvenated ancient 
folds, in which case some Pennsylvanian and pre-Pennsylvanian 
formations may be cut off by overlap and provide sf ratigraphic 
traps for the accumulation of petroleum. 

Coal of higli volatile bituminous rank is <;xteni?ive. There 
are minor fissure deposits of gold and copper in the Mount Ellen 
and Mount Pennell stocks. Placer gold occurs in the fanglomer- 
ate deposited by thost^ streams that now drain or have drained 
from the stocks and also iri the gravel terraces along the Colorado 
River. Vanadium dej)osits occur in the lower part of the Mor- 
rison formation and in the Shinarump conglomerate. These 
various deposits have been extensively prosp<*cted but production 
lias been small. 

Tiie agriculture and timlier resources of the region are not 
important; no doubt the chief use for the land will continue to be 
for stock grazing. The recreational possibilities of the region 
have not been developt'd. 

INTRODUCTION 

The Henry Mountains in southeastern Utah^ were 
visited by Grove Karl Gilbert in 1875 and 1876. His 
report, one of the classics of geological literature, was 
the first to recognize that intrusive bodies may deform 
the host rocks, and the first to show clearly the signifi- 
cance of the evenly eroded plains, now known as pedi- 
ments, at the foot of desert moim tains. The brilliance 
of Gilbert's report has been acknowledged by wide- 
spread interest manifested in it by geologists throughout 
the world, assm-edly the highest form of tribute that 
science can pay for an outstanding contribution. For 
more than 60 years the Henry Mountains have been 
referred to in the geological literature of evety language 
and are one of the localities most widely known to the 
science. No geologist needs to be introduced to them. 

The opportunity to make a modern survey of the 
region arose in the course of the Geological Survey's 
program for geologic mapping of southeastern Utah. 
The present report giving the results of the survey is 
one of a series of Geological Survey reports (Bull. 793, 
806-C, 819, 841, 863, 852, 908, 951, and Prof. Papers 



164 and 188), mostly based on plane-table surveying, 
that now covers practically all of the southeastern part 
of the state. 

The area described in this report (fig. 1) includes the 
Henry Mountains and all of the surrounding structinal 
basin, except the southernmost part that hes south 
of the Colorado Kiver. It includes parts of Emery, 
Wayne, Garfield^ and Kane Counties. The area is 
bounded on the east by the Colorado lliver and its 
tributary, the Dirty Devil River, and on the west 
by the Waterpocket Fold and Capitol Reef. It includes 
a small part of the San Rafael Swell at the north and 
extends south to the place wliere the Waterpocket Fold 
is crossed by the Colorado River. Altogether the 
area embraces about 2,500 sq mi of which the Henry 
Mountains constitute about 100 sq mi (pi. 2). It lies 
within and is typical of the Canyon Lands section 
of the Colorado Plateaus, an area that even today is 
difficult of access. Modem methods of transportation 
have barely penetrated the region and it persists as a 
roadless frontier, the largest primitive area within the 
United States. 

Early explorers who sought routes for transconti- 
nent-al railroads avoided tiiis arid region so completely 
that, tliough the Henry Mountains form a prominent 
landmark rising 6,000 ft above the plateau surface, 
they were not named and described imtil 1869 when 
Jolm Wesley Powell made the first sucoe^ul trip by 
boat down the Colorado Kiver. From the beginning 
of western explorations to the present da}? this area 
has been little visited, and travelers still pass around it. 
The reasons are plain Travel from the west must cross 
the rugged High Plateaus and then seek one of the few 
and widely separated narrow canyons through the 
barrier, nearly 150 miles long, formed by the hogback 
ridges I called reefs locally) of the Waterpocket Fold, 
the Capitol Keef, and San Rafael Swell The 70 
miles of baiTen desert, most of which is covered by loose 
sand, extends from Mount Ellen to the Book Cliffs and 
discourages travel from the north. The canyons of the 
Colorado River and its tributaries all but prohibit 
travel from the east and south. In addition, water is 
scarce. Only a little more than 5 in. of rain falls 
annuaUy on the plateau so that few streams or springs 
maintain their flow tlirough the annual drought 
periods. 

Perhaps to most people the region offers few attrac- 
tions. It is virtually a treeless plateau and broad 
areas of bare rock have no vegetation at aU. Much 
of the surface is covered with sand dunes that at many 
places completel}* bury small valleys. The plateau is 
intricately cut by deep canyons whose walls can be 
descended at very few places* Obviously such an 
inhospitable country can support only a small popula- 
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tion, and no large settlements were established by the 
Indians or by the white men who followed. The area 
is used principally as range land for stock grazing 
and is included in Utah Grazing Districts 5 and 7. 

In contrast with the surromiding plateau the three 
northernmost Henry Mountains receive as much as 
18 in. of rainfall annually; perennial creeks and springs 
are numerous; the valleys are V-shaped; the ridges 
between the valleys are rounded; and their slopes 
support a moderate forest. By comparison, the two 
southern mountains are small and arid, but they form 
one of the most rugged sections of the Colorado Plateaus. 

PREVIOUS WORK 

In 1869 in the course of his boat trip down the Colo- 
rado River, John Wesley Powell named the Henry 
Mountains in lionor of Professor Joseph Henry, well- 
known physicist, who was then Secretary of the Smith- 
sonian Institution and an active supporter of Powell's 
expedition on the Colorado. Powell also disco vrered at 
that time the mouth of the Dhty Devil River. 

Further information on the early exploration of the 
Henry Mountains is given by Gilbert as follows: 

* * '^ John F. Steward, a geologist and member of the party 
[PoweU's] eiimfoed the cliff near the mouth of the Dirty Devil 
River and approached the eastjem base of the mountains. He 
reported that the strata in the inouutairii? had a quaquaversal 
dip, rising upon the flanks from all sides> 

The following year Prof. A. H, Thompson, + * * in charge of 
the geographic work of Professor Powell's survey crossed the 
mountains by the Penellen Pass and ascended some of the 
principal peaks. He noted the uprising of the strata about the 
bases and the presence of igneous rocks. 

In 1873 Mr, E. E. Howell at that time the geologist of a 
division of the V^lieeler Survey traveled within twelve miles of 
the western base of the mountains, and observed the uprising of 
the strata- 

Possibly the observed quaquaversal dips from the 
mountains in association with igneous rocks caused 
Powell to wonder if the Henry Mountains might be 
examples of the discredited hypothesis of volcanic 
craters of elevation (Von Buch, 1830, p. 342). At least 
he recognized that the Henry Mountains were not a 
common type of volcano and deserved the special study 
to wliich Gilbert was assigned. Gilbert spent a week 
in the mountains in 1875 and returned in 1876 when he 
spent two months there. An account of his itinerary 
and his fieJd notes is given in the next section of this 
report. 

In 1913 B. S. Butler, accx^mpanied by F. L. Hess, 
visited tlie Henry Mountains for the purpose of examin- 
ing the mineral deposits. They visited the gold-bearing 
fissm^e deposits on the east side of Mount Ellen, and on 
the southeast side of Mount Pennell, the placer deposits 
east of Mount EUen and in Glen Canyon, and the 



uranium and vanadium deposits in the Morrison 
formation. 

GILBEBT^S FIEI.B NOTES AND ITINERARY 

Gilbert's field notes, contained in five bound pocket - 
sized notebooks, provide a readable nariative of iiis 
trips. They cx)ntain not only his geologic observations 
but unusual experiences of the party as well, including 
many details of assembling the party and its equipment. 

The number of men in the party is not given clearly. 
At one place is a list of names: ^'S. H. Gilson, Nephi, 
Juab Co., Utah (aeronautics); Mark TuUy, White 
House, Salt Lake City; F(ranklin) L. Farnsworth, 
Kanab, Kane Co., Ut. ; Elisha Averitt, Kanab, Kane 
Co., Ut.; and Nathan Adams, Kanab/* At the begin- 
ning of the trip he records, August 30, that "Button, 
MacCurdy, & Lewis— Gilbert, Tully, Averitt & Farns- 
worth make up the party from Gunnison to Salina 
Bridge." On September 8 w^hen the party reached the 
lower pait of Pleasant Greek "Capt. Button with 
Lewis & MacCurdy turned back." It is certain tnat 
Farnsworth and Averitt went on to the Henry Moun- 
tains with Gilbert because on October 9 they were sent 
back to Rabbit Valley for supplier, but it seems unlikely 
that Gilson and Adams were members of the party, 
because there were only nine animals, and had those 
men been on the party only three animals would have 
been available for packing equipment and supplies. 

Near the beginning of Gilbert's field notes are lists of 
personal effects, equipment, and grocery supplies. The 
groc<^ry supplies at first were listed at 160 rations, but 
tliis apparently was regarded as insufficient and a 
second list was prepared increasing the quantity of 
each item about 35 percent. 

Among the instruments taken were an altitude- 
azimuth, thermometers, barometers, tape line, plane 
table, alidade, tripod, compass, theodolite, and lens. 
In his list of personal effects Gilbert included overalls, 
so it may be inferred tlmt during his field work he 
presented as homely an appearance as a modem geolo- 
gist worldng under similar circumstances. Dming the 
night, however, Gilbert was more typical of his period, 
for his list includes nigiitcaps. 

Gilbert was one w ho made tlie most of an experience. 
At the conclusion of his trip, apparently as a guide for 
future work, he re-listed the grocery supplies, indicating 
foj' each item the quantity left over or tlie shortage that 
had been experienced. 

At most of the stations occupied by Gilbert during 
his field work sketches were made of the country 
around the station (fig. 2). These sketches are excel- 
lent reproductions of the topograpliy and successfully 
show many of the salient geologic features of the country 
They are line drawings, most of them having a minimum 
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¥iG^RS 2.— Sketches of tho Henry Mountains reproduced from the field notebooks of 0. K. Cillbcn. ^1, View north along the cast side of Mount Kllcn. Tho stock is at the south end of the high pnrt of the moun- 
tain. The eonica! butte at tho left ts Kagged Mountain, a bysmalith. Jukos Butto (B .11 Mountain), another bysmallth, Is thc^ butto right of center. P, View west of Mount PonneU. Tho ridgo marked 
"sta, 7" is tho JTom laccolith; "511" Is the Dark Canyon laccolith. The Mount Pennoll stock forms the peak and Gxt€nds southward to Straight Creek, which emerges from the mountain on thti north side of 
station 71. Between stations 71 and 164 is Bulldog Ridge. 
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number of lines. Points referred to in the notes are 
giyen numbers on the drawings so one who knows the 
country lias no diiBculty undemtanding just wliich 
outcrops were visited. 

Gilbert's notes contain luimerous references to precip- 
itation, temperature, and direction of the wmd, and 
there were occasional references to timber on the moun- 
tains. Few natural phenomena escaped observation by 
him, though his obsei^vations natmally dealt primarily 
with geologic featues. His only whimsical recording is 
a sketch of the fore part of a pack mule (fig. 3), en- 
titled '*I.azarus, Duke of York" The head of the 
mule was repraduced in the fii^t edition of Gilbert ^s 
report with the caption ''Ways and ]VIeans'^ 

Gilbert's trip to the Henry Momitains was made at 
a time when many of the western Indians still were 
hostile. Seven 3 ears earlier some SIun'w itz Indians had 
murdered the two Howland brothei-s and Dmm as they 
traveled towards Kanab after leaving Powell's Colorado 
River party in the lower part of Grand Canyon. Five 
years earlier three members of Wlieeler's party, with 
whom Gilbert had worked, were among those killed 
when Mohave Apache Indians ambushed the Ehren- 
burg-Wickenbui'g stage about 5 miles west of Wickt^n- 







FlOURB 3.— Ways and Means, lS76-lft47 (after G. K. Gilbert). 



bm-g, Ariz. So one may read deep thoughts between 
the lines of Gilbert's notes when he recorded (No- 
vember 1) : 

We find today a trail made by one horse shod or partly shod, 
other horses barefooted, barefooted inuJes and barefooted colts, 
in all about 15 animals. There is a moccasin track with them. 
They came down Ciresceiit Creek, started up the trail toward 
Trochus Butte and stopjjed; one wetit ahead and turned back 
and then all went down Crescent Creek Canon. After an inter- 
val tliey rt^tunied and wc^nt back up the crtn^k agahh The com- 
ing tracks were made in wet sand, the going in dry. Neither 
have been rained on. The tracks are much scattered. 

Our last storm was October 20. From all this we infer that 
a party of Indians not familiar \\ith the country came do\\Ti 
Crescent Creek October 21 or 22 and after an interval of some 
days (long enough to go to the Colorado and back) returned. 
They were less numerous than their (15) animals. It is not 
unlikely that they were Navajos who had stolen stock from a 
stock range and were Ir^-ing to cross the Colorado without 
passing through the settlement. 

And again on November 8: 

Yesterday we crossed tiie Indian trail twice. They returned 
westward close to Hilloid Butte [Table Mountain] with 26 ani- 
mals and at least 6 pairs of moccasins. They passed eastward 
in two parties (one earher than the o titer) crossing Cache Creek 
[Sweetwater Creek] near the south twin [South Cainevillo Mesa]. 

Few trails exist even today in the Heniy Mountains 
region })ut travel has been snffieiont to locate the water 
holes and the least difEcnlt aiid safest routes for travel. 
Gilbert had, however, only the dim trails of Indians and 
deer to guide him and the hazards were correspond- 
ingly great. His notes show this* He wi^ote, on Sep- 
tember 4: 

On the march the gray mule Louisa rolls down hilt with her 
pack a distance of 50 or 75 feet. The ciiief damage secnis to be 
a cut and bruise on the tliigh and another back of the car. 

On the 9th: 

A chapter of accidents. Frank kicked by Little Nephi in the 
hhin. Llghtfoot about played out and down twice. My pack 
bucked off and tlm*e alfogas torn. Kvening epent in repairs. 
Water in pockets bad. 

On the 10th: 

We have to leave first the horse Lightfoot behind and then 
the Hal df ace mule. The latter is brought in this P. M, The 
horse is to be sought In the morning. 

Such incidents apparently became so cx>mmonplace 
that no further mention was made of them until, on 
November 13^ he recorded: 

Panguich rolled over today into Curtis Creek. This is her 
third roll ou the trip. Beck has accomplished tmo and Gomas, 
Joel, and Lousey one each. Our little train of 9 animals has 
attained to seven [eight?] rolling scrapes, 

CHRONOLOGV OF GILiBERT'S TRIP IK 187S 

July 1 to August 20: Travel from Salina to Rabbit Valley aud 
examination of the Waterpocket Fold by pro- 
ceeding southward along it to near the site of 
Baker ranch. 
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August 21; Travel around south edge of Swap Mesa, across 
Bullfrog Creek, and presumably theu up Pen- 
nell Creek and along south foot of Mount 
Hillers to vicinity of Woodruff cabin. 

22: Camp held. 

23: Traveled to Mount Ellsworth. 

24: To Straight Creek, probably near Coyote Benehes. 
Travel via pass at head of Black Canyon. 

25: Up Slate Creek, then back up Coyote Benches to 
camp near Coyote Spring. 

26: Camp held. 

27: To summit of Mount Ellen, presumably near 
south end, and camp at a spring surrf)unded by 
firs (probably in Bromide Basin but possibly 
at I'Ulen Spring), 

28: Camp held- 

29: Travel down Dugout and Sweetwater Creeks to 
camp near Premont lliver. 

30: To Fremont River between North and South 
Caineville Mesas. Climb onto North Caiue- 
villc Mesa. 

31 : Up Fremont River to camp by river just below 
Capitol Reef. 
September 1 to 10: Travel to Gunnison. 

CHEOKOLOOY OF Olt^BERT'S TKIP IN 1876 

August 30: Start by pack train from Gunnison, Utah. Gil- 
bert's party consisted of himself, Tully, Averitt 
and Farnsworth (see p. 5) and 9 animals for 
riding and packing. For the first part of the 
trip he was accompanied by Dutton, 
Mac Curdy, and Lewis, Travel to Sahna 
bridge. 
31: Salina bridge to Kings Meadow. 
September 1; Kings Meadow to the Widow's. 
2; The Widow's to Fish T^ke. 
3: Fish I^ke to Nephi Creek ^ in Rabbit Valley. 
4: Nephi Creek to Upper Corral Creek. 
5; Camp held. 
6: Upper Corral Creek to near Temple (Pleasant) 

Creek by the Capitol Rtef. 
7: To lower Temple (Pleasant) Creek. 
8; Lower Pleasant Creek to Bloody Hands Gap. 
9; Bloody Hands Gap to S\\eet water Creek aiul 
around the north end of Stephens Mesa to the 
dry wash next west of Ceder Creek. 
10: Dry Camp to Cache Camp, located by Dugout 

Creek where it leaves Mount Ellen. 
11: Qimbed Steele Butte. Moved camp about 1% 

miles up Dugout Creek. 
12: Dugout Creek to Mount Ellen, camp probably 

near Ellen Spring. 
13: Camp held. Examined North Summit Ridge. 
14: Ellen Spring camp to lower end of SaT^-mill Basin, 
probably b^' BuU Creek. 
15 and 16: Camp held. Examined roof of Bull Creek 
laccolith and climbed Jukes Butte. 
17; Bull Creek camp east to Granite Creek and up 

Granite Creek to head ot ButJer Wash. 
18: Butler Wash camp held. Climbed high north- 
east point of Granite Ridges. 
Ifi: Butler Wash to the spring on the north side of 

Copper Ridge. 
20: Copper Ridge to Slate Creek, probably in the 
Slate Creek dome. 



September 21: Camp moved to Box Spring, in PenneUen Pass. 
22: Camp held. Climbed the Horn. 
23: Climbed Ragged Mountain. Camp moved to 
west side of Dark Canyon, at base of Mount 
Petmell. 
24: Camp held. Climbed Mount Pennell. 
25: Moved to junction of Bulldog and Straight 

Crocks. 

26: Moved to South Pass, probably at head of 

Pennell Creek. 

27 and 28; (^amp held. Climbed Stewart Ridge to Summit 

Ridge of Mount Hillers and climbed east rim 

of Mine Canyon to the peak of ^^ount Hillers. 

29: South Pass to Cove Creek, probably above site 

of Saiiford ranch. 
30: To Trachyte Creek near Trachyte Mesa. 
October 1: Trachyte Creek to near springs at site of Star 
ranch. 
2: Camp held. Traveled to head of Fourmile 

Creek and return. 
3: Moved to BuUfrog Creek a few miles above 

Eggnog- 
4: Camp held. Climbed points of Emery sandstone 

overlooking Waterpocket Fold. 
5: Move up Bullfrog Creek to the upper gorge 

througli the Emery sandstone, 
6: Camp held. Climbed halfway up ridge on south 
side of Deer Creek, on west slope of Mount 
Pennell, 
7: Camp held. Climbed Tarantula Mesa, south 

rim. 
8: Return to Camp 1, the Cache Camp by Dugout 

Creek. 
9: Cache Camp to west side of Table Mountain. 
Two packers leave for Rabbit Valley to ob- 
tain additional supplies. 
10: Camp held. Climbed Table Mountain. 
] 1 : Move to creek with springs, north of Cedar 

Crock. 
12: Camp held. 

13: Return to Cache Camp, by Dugout Creek. 
14, 15, and 16: Camp held, waiting for return of packers who 
arrive on the 16th. 
17: Move to Bullfrog Creek, southeast of Stephens 
Narrows. Travel up South Creek and south 
across foot of South Creek Ridge. 
18: Move down Bullfrog Creek and east along foot 
of Emery sandstone scarp to Pennell Creek. 
19: To upper part of SiU Canyon. 
20: To head of Pennell Creek in South Pass. 
21: Around south side of Mount Hillers to Wood- 
ruff Spring, where supplies were cached, and 
then to canyon draining northwest from 
Mount EllsW'orth. 
22 to 26: Cam|> held. Climbc^d to summit of Mount 
Ellsworth each day. 
27: To Cache Creek on northwest side of Mount 
Holmes. 
28 to 29: Camp held. Climbed north sloj)e of Mount 
Holmes. 
30: Move to springs near Star ranch. 
31: To Trachyte Creek just below head of canyon 
in Navajo sandstone. 
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November 1: Camp held. Rode to and climbed Trochus 
Butte. 

2: Up Trachyte and Slate Creeks to a hill south 
'of Red Hole. 

3: To Dark Canyon at north edge of the laccolith. 

4: To near Stephens Narrows. 

5: Return to Dugout Creek camp, and then on to 
camp west of Table Mountain. 

6: Camp held. Climbed Cottonwood Canyon to 
the peak of Mount Elieu. 

7: "Homev/ard bound. Election Day," Travel to 
Fremont River where it crosses Ferron sand- 
stone. 

8: To about 4 miles north of Factory Butte. 
9 to 14: Crossing San Rafael Svv^ell to Castle Valley. 
15 to 17: Castle Valley to Salina. 

FBESENT INVESTIGATION 

The field work of the present investigation was 
started in 1935 and was continued during several 
months of each succeeding year to 1939 inclusive. In 
July, August, and September 1935, the part of the area 
north of the Fremont River was mapped with the 
assistance of Ralph L. Miller, Paul Averitt and Jack 
Hirscli. A. A. Baker, w^ho had considerable earlier 
experience in southeastern Utah, was v/ith us for about 
2 v/ccks at the beginning to organize the start of the 
project. 

In April and May 1936 the mapping of the geology 
and topography of Mount Holmes and Mount Ells- 
worth was started with the assistance of M. I. Goldman. 
From June to the middle of September, Miller, Edgar 
Bowles, and ^V. W. Simmons assisted in mapping the 
country as far south as Poison Spring Box Canyon, 
Bull Creek Pass, and Dugout Creek. 

Between April and the middle of September 1937, 
Averitt, Bowles, and I extended the mapping south- 
ward to a line connectmg the mouth of North Wash, 
Trachyte ranch, the summit of Mount Hillers, and 
the south edge of Tarantula Mesa. 

In 1938 the mapping v/as completed southward along 
the Colorado River to Halls Crossing and westward to 
the Waterpocket Fold. Averitt, Miller, and Robert 
E. Bates assisted in this mapping. This field season 
lasted from May to October. In September, a field 
conference with G. F. Loughlin, H. E. Gregory, H. D. 
Miser, and W. S. Burbank was held on Mount Ellen 
and Mount Pennell. 

In 1939 Miller and I returned for three months to 
gather additional details of the geology that had been 
passed over during the mapping progtarn. Dming 
June, with the help of Bert Loper as boatman, Glen 
Canyon was examined on a boat trip from Hite, Utah 
to Lees Feiry, x4i^iz. Miller spent July and August 
studj^ing some of the stratigraphic problems around 
the m_ountains. In July, N. I^. Bowen of the Univer- 
sity of Chicago, and J. W. Greig, F. S. Schairer, E. 



Ingerson, and E. F. Osborn of the Carnegie Geophysi- 
cal Laboratory accompanied me on a pack trip th_rough 
the five Henry Mountains, for the purpose of obtain- 
ing additional details of the structural features of 
the intrusions. August was devoted to gathering 
additional physiographic information. 

Altogether the geologists who have participated in 
the project have devoted about 1,800 man-days to the 
field investigation. The ofiice work was done during 
the winter months between field seasons. Averitt 
assisted with this work diuing the winter of 1938-39. 

Charles R. Hanks, of Green River, Utah, who has 
played a leading role in the history of the region, was 
with the party as packer and guide during each of the 
five field seasons, and George V/olgamot, who ov/ned the 
Trachyte ranch, worked w^ith the field parties during 
1937, 1938, and 1939. These two m^en proved m_ost 
valuable guides because of their thorough knowledge 
of the country and the handling of saddle and pack 
animals in the desert. In 1935 and 1936, when much 
of the work was done from base camps, L. J. Christensen, 
of Green River, cooked for the party. During the k938 
field conference, Bert Loper assisted Hanks and 
Wolgamot with camp moves. 

The field party worked from camps throughout the 
project. Base camps were established at points that 
could be reached by truck. To these pomts suppues 
were brought a hundred miles from Green River or 
from the towns m Rabbit Valley. In the north half 
of the area considerable mappmg v/as done by v/orldng 
from base camp, but less accessible parts of the north 
half and alm.ost all of the south half of the area neces- 
sitated cam.ps that could be reached only by pack 
train. Altogether about 200 camps were made. 
Twelve to fifteen horses and mules were regularly used 
for riding and pacldng supphes. 

The mapping of the geologic features of the plateau 
country in the Henry Mountauis region was on a 
scale of 1 : 63,360, or 1 mile to 1 in., whereas the more 
intricate geology of the Henry Mountains was mapped 
on a scale of 1:31, 680 or 1 mile to 2 in. Most of the 
mapping was done by explorer's ahdade and plane 
table. 

A triangulation net, consisting of about 250 flags, 
whose positions and altitudes were located carefully, 
was spread over the area and constituted the primary 
control for the survey. The geology v/as mapped 
from three-point locations, based on the prim.ar^'- net, 
from which additional points were located by inter- 
section m.ethods. Between these located points the 
geology, stream courses, and other features were 
sketched. In the more rugged parts of the area, 
on the mountains, along the Reef of the San Rafael 
Swell, and in a few of the canyons, it was necessary 
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to obtain additional locations by stadia, but so far 
as possible stadia locations were restricted to direct 
shots from three-point locations. Few stadia traverses 
were made. 

The northern part of the region was m^apped by 
plane table in 1935 but in 1938 aerial m_osaics of this 
part of ijhe area were prepared by Aero-Service Corp, 
for the Soil Conservation Service so some details of 
the geology of this region were added from the mosaics. 
The geology along the Colorado River and Water- 
pocket Fold was mapped on strip flight pictures, 
flown and photographed for this project in 1938 by 
the Fairchild Aerial Surveys, Inc. A part of the 
Capitol Reef and the Fremont River from South 
Caineville Mesa west was flown and photographed 
by xicro-Service Corp. in 1939. The area along the 
Colorado River bclov/ the mouth of Hansen Creek 
was mapped on an aerial m.osaic prepared by Fairchild 
Aerial Surveys for the Soil Conservation Service. 

Vertical control was extended frorn^ a series of bench 
marks set by the Coast and Geodetic Survey along the 
noriU and west edges of the area, and from the topo- 
graphic survey along the Colorado River by the Geolog- 
ical Survey. In the plateau part of the area altitudes 
were determined every 1,500 to 2,000 ft along the out- 
crops of formation boundaries, but in the mountains, 
where the larger scale was used, locations and altitudes 
were determined usually every 500 ft. 

A topographic map of the area (pi. 17) was sketched 
in the ofl3.ce after completion of the field work. The 
vertical control for this m^ap consists of about 10,000 
determined altitudes. 

The lithology of the sedim_entary form^ations v/as 
determined during the mapping, and stratigraphic 
sections were measured every few miles along each 
formation outcrop. These measurements were supple- 
mented by computed thicknesses between the measured 
sections. Sections of the coal beds in the northern and 
western parts of the area were measured at closer 
intervals. Samples of the coal were collected by stand- 
ard methods and analyzed by the Bureau of Mines 
(Holmes, 1918). 

With only a f ew^ exceptions the limits of the intrusions 
were mapped by v/alking along the actual or the inferred 
contacts and by obtaining the location of each outcrop. 
Where the outcrops are widely separated the inferred 
locations were determined by stadia ever}^^ 500 ft. 
Specimens of the intrusive igneous rocks were collected 
at many places and about 225 thin sections of these 
rocks were studied. 

On the mountains and around the foothills all recent 
deposits were mapped, partly to show the different 
types of surficial deposits and partly to show the loca- 
tions and relations of the exposures of bedrock found 



during this survey. These surficial deposits, however, 
were mapped less carefully than the bedrock geology, 
and, because their limits generally were sketched, they 
are indicated by dotted lines. It follows that the size 
and shape of the outcrops of bedrock shown may diiTer 
considerably from, the actual size and shape, but the 
m_ethod is useful for showing the position and pattern 
of the outcrops on which the interpretations of this 
report are based. The approximate boundaries be- 
tween bedrock formations are indicated by dashed 
lines where they are concealed by surficial material or 
where they are exposed but not actually visited. The 
two categories of dashed lines are distinguished by the 
presence or absence of a pattern for surficial deposits. 
A solid line is used where formation boundaries are 
exposed and were traced by walking along them. 
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ECONOMIC GEOGRAPHY 
PRESENT SETTLEMENT AND INDUSTRY 

The Henry Mountains region has few inhabitants 
(about 200) most of whom live in the villages of Hanks- 
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ville and Caineville. Several other villages that were 
established in the region many years ago have been 
abandoned. The number of ranches developed in the 
area is small, totaling altogether about 20, but leas 
than half are now occupied and some serve only as 
range camps for stockmen. 

In both Hanksville and Caineville mail is received 
three times weekly by motor stage from Torrey, in 
Eabbit Valley. A store in Hanksville keeps a small 
supply of groceries, gasoline, and oil; private homes 
there provide overnight accommodations. Hanksville 
has an elementary school, but the^nearest high school 
is at Bicknell, 50 miles west. The nearest electric 
power, telephone, medical services, and garage facili- 
ties are at Green River, 60 miles north of Hanksville 
or in the towns in Rabbit Valley which are an equiva= 
lent distance to the west. In 1946 the Civil Aeronau- 
tics Authority established an emergency airfield at 
Hanksville. 

In the sumaner of 1939, 217 persons were residing 
in the region. Of this number 200 were in the Wayne 
County part of the region, 16 in Garfield County, and 
1 in Emery County. They were mostly congregated 
in four communities ^ as follows: 

Adults Children 

Hanksville 57 65 

Caineville 32 30 

Notom 7 8 

Hite 4 1 

The other 13 persons v/ere hving at Pairview, Garvin's, 
Hesky, King, Sandy, and Trachyte ranches. 

There has been httle change in the population since 
1920 but the total is considerably less than half that 
in the early nineties, 10 to 15 years after settlement 
started. The decline took place mostly between 1900 
and 1910 as a consequence of the destructive effects 
of erosion (see p. 205) on the villages, tillable land, and 
range land. 

About 10 percent of the inhabitants are employed 
primarily in prospecting and mining, and practically 
all the others are engaged in raising livestock and grovv-- 
ing forage for local use. 

Among the settlers in Utah, prior to 1900, 80 percent 
were of Scandinavian and British extraction whereas 
in the United States as a whole the proportion of these 
people was less than 25 percent (Gannett, 1900, p. 17). 
Even today in an average Utah town fair-haired chil- 
dren are the rule, young brunettes are uncommon. 
Hanksville and Caineville are no exceptions. 

The Henry Mountains region here described embraces 
about 2,500 sq mi. Of this area more than 99 percent 
is part of the public domain and less than 1 percent of 

1 Settlements, like Fruita, west of the Capitol Keef are not included in the area here 
desCTibed. They are more closely related geographicaUy to the Eabbit Valley towns. 



the land is privately owned. Of the private land only 
about one-sixth is under cultivation and this proportion 
can_Tiot be appreciably increased because of the limited 
supply of water available for irrigation. 

The one-thu-d of Wayne County that hes within the 
region, according to records filed in the County Clerk's 
office (1939), contains 7,420 acres of private land 
assessed at $31,210— less than 20 percent of the total 
private land (41,109 acres) in the county and less than 
10 percent of the total assessed value ($400,485 in 1939) 
of the private lands. About 7,000 acres of private 
land lie in the parts of the region in Garfield and Emmery 
County, but most of this land is grazing land, and only 
about 700 acres are under cultivation. 

The percentages of different types of land in the area 
are estimated as follows: 

Percent 

Forest land, except pinon and juniper 1 

Area growing pinon and ] uniper 9 

Treeless range, including areas of sand dunes- 65 
Areas of bare rock 25 

The length of the grov/ing season on the farm_ed 
lands averages about 5 m.onths= The latest killing 
frost in the spring is usually about the last week in 
April, and the eariiest killing frost in the fall is usually 
about the first of October. The season is longer at 
Hite, shorter at the foot of the mountains. The grow- 
ing season is thus about the same length as at Green 
River, Utah, and is 6 weeks to 2 months longer than in 
the more developed but much higher valleys in the 
High Plateaus at the west end of Wayne County. 
The annual mean temperature at Hanksville is about 
52° F, which is about the same as at Salt Lake City, 
Green River, and Moab, Utah, but about lO"" higher 
than at Loa. The armual precipitation at Hanksville 
is about 5 in., vv^hich is a fev/ inches less than in Rabbit 
Valley at the v/est end of the county. Other data on 
the chJuate are given on pages 24-27. 

Hay is grown on most of the cultivated land and its 
total annual production during the past few years has 
been about 1,500 tons. A considerable variety of 
garden produce is raised, and all visitors to the region 
appreciate and enjoy the excellence of the locally 
grown melons. Ranchers at Hite have successfully 
raised figs, sweet potatoes, peanuts, cotton, celery, 
and almonds in addition to the usual garden produce. 

While the field work was in progress two gold placers 
were operating and each produced a few hundred dol- 
lars in gold annually. Vanadium prospects are numer- 
ous but small, and production from them amounted to 
a few hundred dollars annually. Seasonal production 
from one coal adit supplied local needs for coal There 
are no factories or mills in the region. 

When modem transportation facilities are extended 
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into the region it will, no doubt, become more and more 
used for recreational purposes. The spectacular scen- 
ery provides an inviting setting for canyon boating, 
horseback riding, and camping. 



ROUTES OF TRAVEL 

AIRPORTS 

In 1946 the Civil Aeronautics Authority established 
an intermediate airfield at Hanksville equipped with an 
east-west runway 5,700 ft long and a north-south run- 
way 6,000 ft long. The purpose of the field is to 
provide an emergency stop along the Denver to Los 
Angeles air route, to gather Vveather information, and 
to m_aintain radio contact y/ith other fields and aircraft 
along the route. The field is equipped with marker 
lights and operates on a 24-hour basis, 

ROAUS 

Roads in the Henry Mountains region are few and 
at the time our field work was underway none was im- 
proved. New roads are being built, however, and old 
ones improved, so no doubt the tune is near when it 
will be possible to enter the region and even drive 
across it Vv^ith comparative ease. 

Utah State Route 24 crosses the north part of the 
region and connects w^ith main highways at Green River, 
60 miles north of Hanksville, and at Richfield, 125 
miles west of Hanksville (fig. 1). Betv/een Green River 
and Hanl^sville and as far west as Fruita the road is 
graded. Some of the sand stretches have been surfaced 
with shale and some of the shale stretches are graveled. 
Where the Muddy River is crossed at Hanksville, one 
may or may not find a bridge, dependmg upon the 
season. The most interesting part of Route 24 is the 
5/2 miles along the bottom of Capitol Wash, a narrow, 
vertical-walled canyon through the Capitol Reef. 
This stretch is spectacular and scenic but occasional 
floods through the canyon fill the road with boulders 
and render it impassable for short periods. 

A fairly good road along which some miprovements 
have been made (1946) extends south from Hanksville 
to Trachyte Ranch. Plans are being considered for a 
road across the Colorado River at Hite and eastward to 
the Natural Bridges National Monument. x\t the 
present tune (1946) this road follows the bottom, of 
North Wash and a cable-barge ferry is maintained for 
crossing the river. In time, no doubt, an improved 
road will be built that avoids the canyon bottom and 
crosses the river by bridge, probably near the mouth 
of the Dirty Devil River. Such a road would be one 
of the most scenic highways in America. 

From the Hanksville-Trachyte Ranch road, connect- 
ing roads lead to Sawmill Basin, Granite ranch (aban- 



doned), Eagle City (abandoned), the north side of 
MouQt Millers, and to Dell Seep and Burr Point. 

A road leads north from State Route 24 to the Fac- 
tory Butte coal mine but its extension to the Muddy 
River at Hunt's ranch is rarely used. Cars may be 
driven fromi Garvin's ranch to Temple Mountain, 
Buckskin Spring, or Wild Horse Spring, but the forks 
that extend down Wild Horse Creek and down ^Vell 
Wash to the Notch are rarely used. 

From Notom, on State Route 24, fairly good roads 
lead to King's ranch, to the foot of Mount Ellen at 
Dugout Creek, and to the Sandy ranches. From the 
Sandy ranches a road extends southward to the Bittei 
Creek Divide, and forks of it extend to Halls Crossing, 
Eggnog and Delmont camp, and to the Colorado River 
at the mouth of Hansen Creek. Southward from the 
Sandy ranches, however, the country is uninhabited, 
distances are great, the road condition is uncertain, 
and travel is infrequent. 

TRAILS 

The description of trails to the Henry Mountains, as 
given in the first edition of Gilbert's report, is accom- 
panied by a sketch of a m.ulc, entitled ''Ways and 
Means'' (fig. .3). Although the area can be reached 
today in moderate ease by autom_obile and part of it 
can be crossed by automobile with some difficulty, 
mules and horses employed in pack trains constitute the 
only ''Ways and Means" of transportation along the 
trails which reach all parts of the area. 

Local residents classify trails in two categories, "big 
trails" and "dim trails." A big trail is about 14 in. 
wide and has been made by horses or cattle. A trail 
may still be big even though it is used so infrequently 
that only short, widely separated segments are visible. 
A dim. trail is anything less than a big trail and reference 
to one m.ay m.ean little m^ore than that the route is 
passable. 

The accessibility of the m.ountains diminishes south= 
ward. Fairly plain trails lead up most of the large 
valleys draining Mount Ellen, and connecting trails are 
moderately numerous across the intervening ridges. 
On Mount Pennell the absence of trails makes it im- 
practical to take horses into Dark Canyon or onto the 
southwest side of the mountain. On Mount Hillers 
horses may be used on the lower part of the north flank 
or on a trail leading to the summit at the head of Mine 
Canyon, but the rest of that mountain, and by far the 
greater part, is more readily climbed on foot. The 
bases of Mount Holm^es and Mount Ellsworth are difn- 
cult to reach. Horses m.ay be taken part way up the 
flanks of Mount Holm_es at a very fev/ places, but no= 
where is it practical to take horses far onto Mount 
Ellsworth. 
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The Reef of the San Rafael Swell, the Capitol Reef, 
and the Waterpocket Fold are formidable obstacles to 
travel of any kind. Horses can be taken onto them at 
only a few places and only a few of the canyons through 
them are passable (fig. 90). 

The rim of the canyon of the Colorado River south 
of Ticaboo Creek may be reached by horseback, but 
only a few points on the rim to the north can be reached 
except on foot. Most of the canyons tributary to the 
Colorado and Dirty Devil Rivers can be followed to the 
rivers, but the canyons must be entered near their 
heads, because places for descending the sides wall are 
exceedingly few. 

COLORADO RIVER 

Rowboats equipped with covered hatches have been 
used in descending the whole length of the Colorado 
River in Utah but some have failed to run safely the 
dangerous rapids of Cataract Canyon, which hes east 
of the Henry Mountains and below the junction of the 
Green River and the Colorado. The Glen Canyon of 
the Colorado begins near the foot of Cataract Canyon 
and extends from the mouth of the Dirty Devil River 
to Lees Ferry, Ariz., a distance of 170 miles. It con- 
tains no dangerous rapids and the lightest type of boat 
can be used on it. The current is swift at ordy a few 
places; boats can be sailed against the current for con- 
siderable distances. A fevv^ persons have rowed, towed, 
and sailed boats from. Lees Ferry to Hite, but such long 
upstream, trips without m_otor power have not been 
m^ade for pleasure. 

To take a boat overland to the head of Glen Canyon 
in order to avoid Cataract Canyon, it is necessary to 
haul the boat 115 miles across the desert from Rabbit 
Valley or Green River, Utah, and launch it on the 
Colorado at the mouth of North Wash. The time will 
surely come when powered craft will ascend as well as 
descend the Colorado River in Glen Canyon but at 
present persons who seek that scenic trip for pleasure 
must travel with the current and they must start at 
the head of the canyon. No other place betv/cen 
Hite and Lees Ferry is accessible by autom^obile. 

HISTORY OF SETTLEMENT AND DEVELOPMENT 

The history of the settlement and development 
of our frontiers is generally difficult to obtain on 
account of the necessarily tedious search through old 
files of land, water, and mineral claim^s. The Henry 
Mountains region, however, is one of the latest of our 
frontiers to be opened and the opening is recent enough 
that several original settlers are still hving. From 
these individuals such interesting accounts of the history 
were obtained that I have attempted to chronicle the 
events. The following persons, all prominent in the 



history of the area, contributed: Charles R. Hanks, 
Bert Loper, Charles Hall, and Ben Gibbons of Green 
River; Cornelius Ekker, Charles Gibbons, Billy Hay, 
Frank Lav/ler, Lester MacDougal, and George Wol- 
gam.ot of Hanksville; Mort Behunin and Charles 
Hunt of Caineville; George Durfey of Notom; Mrs. 
Fred Noyes of Torrey: Rube Meeks of Bicknell and 
Dave Rust of Provo. The contributions of these 
individuals were supplemented by data obtained from 
the Church Historian's office in Salt Lake City. 

The history may be divided into four parts : a period of 
prehistoric inhabitants; a period of exploration ending 
in 1881; a period from 1881 to 1900, which included the 
estabhshment of the first permanent settlement, 
discovery of gold, introduction of large herds of stock, 
and heyday of the Robbers Roost banditry; and the 
period from 1900 to the present, a final adjustmxent 
to the economiy of the v/hole nation when fluctuating 
national m^arkets largely controlled local activities. 

PREHISTORIC INHABITANTS 

Prehistoric Indian ruins and artifacts are scattered 
along the Colorado River (fig. 9B) and its tributary 
canyons, around the foot of the Henry Mountains, 
and along the Waterpocket Fold and Capitol Reef. 
All the known ruins are small and unless many of them 
were contemporaneous the total Indian population 
never was large. 

Archeological excavations and studies in the Capitol 
Reef and country immxediatcly v/est of it indicate that 
this area v/as the seat of a distinctive culture (Morss- 
1931). According to Morss (p. TV) 

. . This culture was characterized by cave sites with a slab 
cist architecture similar to that of the Basket-maker and Pueblo I 
periods; by a distinctive unpainted black or gray pottery; by 
the exclusive use of a unique type of moccasin; by a cult of 
unbaked clay figurines; by abundant pictographs of distinctive 
types; and by a number of minor features which tended to 
identify it as a Southwestern culture on approximately a 
Basket-maker III level; but which showed consistently a degree 
of divergence from corresponding features of orthodox cultures. 
The presence of small amounts of blaek-on-white and corrugated 
pottery, with other evidence, showed that this complex was 
contemporary with Pueblo II in other regions. 

If this dating is correct, prehistoric people resided in 
the Henry Mountains region at least a thousand years 
ago. That these people developed so distinctive a 
culture while the well-known Basket-maker and Pueblo 
cultures were thriving in the southern part of the 
Colorado Plateaus indicates that Indian travel and 
communications, like our own, were impeded by the 
canyons along the Colorado River. 

EXPLORATIONS 

The canyon of the Colorado River, perhaps the Grand 
Canyon but more probably Marble Gorge, was dis- 
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covered in 1540 by Garcia Lopez de Cardenas who was 
an officer, and apparently a soldier of fortune, attached 
to Coronado's expedition to Cibola (Zuni) (Bancroft, 
1889, pp. 36-68; 1891, pp. 1-5) . During the succeeding 
250 years the Spaniards were very active in the South- 
west, but as they were primarily interested in the 
search for riches and in the conversion of the Indians to 
Christianity the reports of the barren, rugged canyon 
country v/hich must have been obtained from the 
Indians probably discouraged exploration northv/ard. 
Whatever the causey no record rem.ains today of Spanish 
exploration into the inhospitable canyons. 

On the west wall of Glen Canyon, across from the 
mouth of Lake Canyon 4K miles below Halls Crossing, 
the numerals 1642 are cut in the sandstone. This 
probably is not an authentic engraving because no 
initials or specific date are cut beside it. The known 
explorations of that period were conducted by individual 
padres or by well-organized parties of soldiers rather 
than by individual soldiers of fortune, so more specific 
record would be expected of an exploring party that 
penetrated practically to the middle of the canyon 
country. 

In 1776 the lower part of Glen Canyon v/as crossed 
by Padre Escalante, who was seeking a new route to 
Monterey in California from Santa Fe. He m_ade a 
remarkable circuit of the canyon country, traveling 
along the east, north, and west sides of it (Alter, 1941, 
pp. 64-72; Auerback, 1941, pp. 73-80, 109-128), but 
his expedition nearly perished in making the first 
crossing of the canyons in the southern part of the state 
at what is now known as the Crossing of the Fathers. 

Denis JuUan carved his name and initial and the 
date '*Mar. 1836"' on the walls of Labyrinth Canyon and 
Cataract Canyon but nothing is known of his fate. He 
Vv-as in the Uinta Basin in 1831, perhaps with Antoine 
Robidoux, one of the early fur traders (Morrill, 1941, 
p. 2). The known fur traders and trappers who 
swarmed the West in the 1830's and lS40's did not 
enter the canyon country, although William Wolfskill 
and a party of trappers traveled around the east and 
north sides of it in 1830 on their way from Santa Fe to 
Los Angeles. 

Utah was part of the area ceded from Mexico to the 
United States by the Treaty of Guadaloupe Hidalgo in 
1848, a year after the first Mormons had settled in the 
valley of Great Salt Lake. Shortly thereafter federal 
surveys were organized to explore possible railroad 
routes to the Pacific coast but these exploratory surveys 
avoided the canyons. As late as 1869 virtually nothing 
w&s knov/n of the 15,000 sq mi bordering the rivers in 
southeastern Utah. The head of the Colorado River 
was known, the lower part of its course was knov.Ti, but 
its scenic canyons and those of its tributaries in south- 



eastern Utah had proved an obstacle that discouraged 
even the explorers. Some concept of the immensity of 
this unknown region may be gathered from the fact 
that the Henry Mountains, towering more than a mile 
above the plateau surface and more than a mile and a 
half above the rivers, are not even mentioned by the 
explorers who traveled the edges of the region, for the 
mountains appeared only as obscure distant peaks from 
their points of observation. 

About 1865 the settlements in the Sevier Valley and 
its tributary valleys v/ere so harassed by the Utes 
under Chief Blackhawk that all of them^ Vv-erc abandoned 
(Bancroft, 1891, p. 633). A com^pany of mJhtia pur- 
sued some of the Indians into Rabbit Valley, but the 
pursuit ended there and the militia turned back. The 
marauders were safe in the wilderness. 

In 1869, when Powell first explored the canyons of 
the Colorado River, the unknown Henry Mountains 
region was bordered by small settlements along Castle 
Valley and along the present route of the Denver & Rio 
Grande Western Railroad. The nearest towns to the 
west were in Sevier Valley, and not even ranches had 
been started in the High Plateaus. The nearest settle- 
ments to the east were at the rninmg districts in 
Colorado. To the south Vv^as the land of the Piute and 
Navajo. Maps of the period marked this region as 
unexplored and left it blank. 

Powell explored the canyon country in 1869 traveling 
by boat down the Colorado River, charting the river 
and its tributaries, and noting the isolated mountains 
that border the river. It was he who named the Henry 
Mountains. The name Dirty Devil, honoring the great 
chief of the bad angels, was given by one of Powell's 
men who was disgusted with the mud and odor of what 
he hoped would be a trout stream. The name pro- 
vided the inspiration, by contrast, for Powell to apply 
the name Bright Angel to a stream of clear water in 
Grand Canyon (Powell, 1875, pp. 67, 86). 

The famous canyon trip Vv^as repeated by Powell in 
1871 to make additionpj observations along the canyons 
and to explore parts of the region adjoining the canyons. 
An incident of this trip illustrates how little was known 
of the region, even after the successful completion of the 
first canyon trip. Powell had planned to have supplies 
hauled to various points along the river so his party 
could safely take the time for the observations he 
wanted to make. Supplies were to be cached at the 
mouth of the Dirty Devil River but a packstring start- 
ing from Kanab failed to arrive there. Finding no 
supphes at the mouth of the Dirty Devil, the river 
party left one of their boats and proceeded hurriedly 
dovfn the river to their next cache. The foUowmg 
spring, 1872, A. H. Thompson v/as sent Vv^ith a party to 
retrieve the boat and to explore the unknown Henry 
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Mountains. They mistook the Escalante River (fig. 1) 
for the Dirty Devil and discovered that the packs tring 
that had attempted to bring the suppUes had done 
likewise. 

Thompson's party then turned back up the Esca- 
lante River, traveled to the east of Boulder Mountain 
(fig. 1), and there had a fine panorama of the unlcnov/n 
country. Looking across the country intervening be- 
tween Boulder Mountain and Henry Mountains, 
Thompson (Gregory, 1939, p. 83) observed, "It is cut 
with deep canyons and looks impassible.'' 

Nevertheless, a way across was found marked by the 
dim tracks of Indians who had preceded them. Their 
route was across the Waterpocket Fold and down its 
back slope of bare sandstone to Sand Creek, then 
south towards Bitter Creek Divide and onto Taran- 
tula Mesa by way of Divide Canyon, and east to one 
of the springs on the north or northwest foot of Mount 
Pennell. Their camp was held for a day near the Horn 
and some of the party ascended Mount Pennell while 
others ascended Mount Ellen. Mount Killers was 
visited the next day and the party then continued down 
Trachyte Creek, v/hich nam.e v/as given by them. 
They left Trachyte Creek near the head of its canyon 
and crossed to North Wash, descending it at Hog 
Canyon, and traveled down the Wash to the river. 
There some members of the party took the boat that 
Powell had left and returned to Lees Ferry while the 
others retraced their steps overland to Kanab (Greg- 
ory, 1939, and Dellenbaugh, 1908, pp. 197-209).^ 

While Thompson was traveling along Sand Ureek 
on June 15, 1872, he observed many signs of cattle. 
These cattle were probably stolen from the settlements 
in Sevier Valley and brought in by Indians because it 
was not until 1875 that even Rabbit Valley was utilized 
as range. 

In 1875 G. K. Gilbert spent tv/o v/eeks in the Henry 
Mountains and returned again for two m_onths in 1876, 
v/hen he m.ade the study that led to his classic report. 
Gilbert's itinerary through the mountains, recorded 
from his notes, is given elsewhere in this report (p. 8). 
By the time of his visit a few ranches had been started 
in Rabbit Valley by A. K. Thurber, Beason Lewis, 
Hugh McClellan, and A. J. and W. H. Allred. These 
were' the outposts where Gilbert obtained supplies, 
though they were three days by pack train from the 
Henry Mountains. 

EARLY SETTLEMENT ANI> GOU) DISCOVERY, 1881-1900 

The first known attempt to make a living from the 
Henry Mountains region v/as by tv/o stockmen. Bean 
and Forest, who were believed to be from_ Colorado. 
They introduced cattle to the north part of the Henry 
Mountains about 1878 but made no attempt to settle. 



Their cattle, running loose, became wild and unman- 
ageable so about 1881 they sold their stock on the 
range to Tescher of Moab, who rounded up as many as 
he could and drove several bunches to m.ore accessible 
range near Moab. 

About this tim.e Cap Brown, generally believed to be 
a renegade, moved to the creek that bears his name 
on the east side of Mount Pennell. The region later 
became a haven for renegades but this appears to be 
the first use of it as a hide-away. Apparently Brown 
left the region early in the eighties when the settlements 
were established. 

Several settlements in the Henry Mountains region 
were established in the early 1880'"s and all but one 
were guided and assisted by the Church of the Latter 
Day Saints. In 1879 the San Juan colonists started 
from Escalante, 50 miles west of the Henry Mountains 
(fig. 1), to settle Bluff on the San Juan River, and in 
1880 they crossed the Colorado River at the Hole in 
the Rock (Gregory, 1938, pp, 32-33). Charles Hall 
built a boat at this crossing to ferry the colonists across 
the river but the descent into the canyon was so difficult 
at this point that another route was soon sought. A 
more favorable crossing was found 35 miles up Glen 
Canyon at what is now called Halls Crossing at the 
mouth of Halls Creek. ^ 

After 1881 travelers to Bluft' came from Jiiscalante by 
way of Muley Twist Canyon and Halls Creek, and later 
by Rabbit Valley, Notom, and across the Bitter Creek 
Divide to the head of Halls Creek. Gradually, though, 
more northerly routes were used, first by Hanksville and 
Dandy Crossing near Hite and fixually com.pletely around 
the Henry Mountains region by way of Green River and 
Moab. By 1885 travel had diminished to only a few 
wagons a year so the Halls moved out of the country. 
At Halls Crossing and Dandy Crossing the ferry 
charges were usually $5 per wagon and 75 cents per horse. 
Hall's ferry, built of materials hauled 50 miles from 
Escalante, consisted of two pine logs, each 30 ft long and 
tapered at each end, with cross planks about 10 ft long 
nailed to the top and bottom, and sealed with pine pitch. 
The flat boat was rowed by one man on each side while a 
third man steered. 

In the fall of 1882 Elijah Cutler Behunin and his 
family, of Sevier County, moved down the Fremont 
River by wagon and entered the Henry Mountains 
region by way of Capitol Vv^ash, the first recorded pas- 
sage of a vehicle through that canyon. They reached 
and settled at the present site of Caineville November 
28, 1882, and were soon joined by Chauncy Cook, 
Mosiah Behunin. Wilham Stringham, and Jorgen Jor- 
gensen. By January 1883 at least three cabins had 
been built. These cabins appear on the survey made by 
A. D. Ferron, January 1883, for the General Land 
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OfSce. Besides the Behunin cabin there was one south 
of the Fremont River a quarter of a mile above the 
mouth of Sand Creek and another on the south side of 
the river at the v/est hne of section 15. 

The original Behunin cabin is still standing at the 
foot of the Caineville Reef a mile southv/est of Caine- 
ville Wash. The cabin, a single room. 13 by 13 ft, was 
buiJt of partly squared logs. It had a roof of poles 
covered with mud and bark and was heated by a sl^one 
fireplace. 

Records in the Church Historian's office at Salt Lake 
City indicate that Bluevalley, later named Giles, was 
settled^in J^'ebruary 1883 by Hyrum Burgess and Jona- 
than Hunt and that these individuals were joined the 
following summer by Harry Giles, E. C. Abbott, and 
J. C. TOiite.2 

In the spring of 1883 Ebenezer Hanks, Ebenezer 
MacDougal, Charles Gould, Joseph Sylvester, and Sam- 
uel Gould and his wife moved from Washington County 
to the junction of the Fremont and Muddy Rivers. 
They built an irrigation ditch, put in crops, and then all 
except the Sam_uel Goulds returned to Washington 
County for their families. The settlem.ent was called 
Graves Valley, a name that had been applied by the 
Powell Survey (1879, p. 157), presumably for Walter H, 
Graves, who had mapped the topography of that region 
while Gilbert was studying the geology. The place 
name was changed to Hanksville when a post ofiice was 
estabhshed in about 1885. Twenty famiUes were 
uving there by 1890. 

The Caineville settlers had followed a route that led 
northeastward from Notom into Blue Flat, down the 
dry wash draining from Blue Flat to the Fremont 
River, and thence along the river to Behunin's place. 
The route followed by the first settlers in Graves Valley 
is less certain. They entered from the west and reached 
Hanksville without realizing the presence of settlers at 
Caineville. They m_ay have followed the old Indian 
trail several miles south of Caineville. This trail passed 
through the Capitol Reef at Pleasant Creek and led to 
Sand Creek by the high gravel bench north of Burro 
Wash. After following the creek through the Caine- 
ville Reef the trail led east between Thompson and 
South Caineville Mesas to Sweetwater Creek and Bert 
Avery Seep. 

^^ The Graves Valley settlers had been preceded by 
Hugh McClellan who built a cabin about a quarter of 
a mile west of Bull Creek, directly west of the present 
Fairview ranch. This building was not permanently 
occupied, however, and apparently served only as a 
range camp. 



2 Individuals who formerly lived at Giles claim that Harry Giles was the original 
founder of this settlement. 



In 1887 0. N. Dalton and James Huntsman, later 
joined by J. W^ Dalton, founded the village of Mesa, 
also known as Mephant, about 3 miles east of Caine- 
ville, and in a few years 10 families were hving there. 

About 1889 Chiton, nicknamed Kitchentown, was 
founded by Bert Avery just east of Bluevalley. By 
the early nineties the settlements of Clifton and Giles 
together had about 20 famihes. 

During this sam.e period Cutler Behunin and Chauncy 
Cook moved from Caineville to a place near Notomx, 
calling their new settlement Pleasant Creek. They 
were joined by Jergen Smith, John Fen, Yates, Thom,p- 
son, Butterfield, Mulford, and Jorgensen. Aldrich, at 
the mouth of Pleasant Creek, was settled about 1890 
by James Pritchard, Mosiah Behunin, and Lias John- 
son; and they were later joined by Curtis. 

These earher settlers obtained some of their meat 
supply during the first winters by kiUing stray wild 
cattle remaining from the Bean and Forrest herd. 
Some of the old timers state that the settlements could 
not have survived without this assistance, but by the 
early nineties the settlements were fairly well estab- 
hshed and m.ore than 550 persons v/ere living in them. 
A need then developed for persons with special skills, 
and advertisements were placed in the Salt Lake City 
papers inviting tradesmen, such as blacksmiths, to join 
the communities. 

In the summer of 1882 the General Land Office let 
contracts for surveying the townships along and imme- 
diately south of the Fremont Eiver from Capitol Reef 
eastward to the vicinity of Hanksville. The surveys 
were started in December 1882 and an excellent land 
survey had been completed by spring 1883 so that even 
the earliest settlers could estabhsh orderly land claims. 
For building homes and fences the settlers obtained 
logs from, the north slope of Mount Ellen. Raising 
cattle on and farming the fertile flood plains vf as started 
before the streams had cut into them.. Principal in- 
come of the communities was derived from_ hve stock. 
A molasses industry, probably based on sugar beets, 
was also started, but only a few wagonloads were hauled 
out and that industry was abandoned because of the 
long distance to markets. 

Meanwhile several permanent ranches were estab- 
hshed deeper in the area. Al Star built his ranch on 
the south side of Mount Hillers about 1890, traveling 
about OD miles along the east side of the mountains 
fromx Hanksville to reach it. The Granite ranch was 
built about 1889 by Burr. R. E. Tomhnson built a 
ranch by Bull Creek at the head of the Fairview 
Benches, but when Tomlinson failed to return from a 
trip on the range with Cottrell, the ranch was acquired 
by Cottrell. In 1892 Gene Sanford and Benson started 
the Sanford ranch and Voight started the Lower ranch 
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on the north slope of Mount Hillers. About 1895 Fred 
Noyes built a ranch by the Fremont River at the west 
end of the Blue Dugway, 7 miles above Caineville. 

On September 19, 1883,^ a prospector named Cas 
Hite moved to the Colorado River and settled at 
Dandy Crossing, and the place soon became known as 
Hite (fig. 9^). Hite related how he had fled from 
northern Arizona where he had been seeking the leg- 
endary Peshliki mine of the Navajo Indians. The 
younger Navajos wanted to kill him, as they had killed 
others who sought their mine, but one of their leaders ^ 
Hoskinini, warned Hite and told him. how to find 
V/hite Canyon and Dandy Crossing= 

Dandy Crossing is 65 miles from Hanksville, yet 
the settlers were almost immediately cognizant of 
each other, and a route suitable for wagon travel 
between the two places was found. The route followed 
the desert along the east side of the Henry Mountains 
and thence down the canyon of Trachyte Creek. The 
present route down the canyon of North Wash was 
at that time used only by persons on horseback. 

The history of the search for gold began simulta- 
neously with the history of agricultural settlement. 
Carl Shirts joined the Halls at their crossing and pros= 
pected the Burro Bar about 1882. Cas Hite dis- 
covered placer gold at Dandy Crossing and soon after 
was joined by Bert Sebolt and Goss, and the three 
produced placer gold at Dandy Crossing and later 
from, the Ticaboo and Goodhope Bars. Hite built 
and later hved at the Ticaboo ranch, which is now 
abandoned (fig. 90). In 1888 four' California pros- 
pectors, including Haskell and Brown, found and 
prospected the New Year and California Bars (fig. 96'). 
They set up an 80-horsepower boiler on the California 
Bar, using coal that they mined at the head of Hansen 
Creek. The finding of fairly good values on the 
California Bar precipitated a small gold rush to Glen 
Canyon. Kohler started the North Wash placer and 
trouble developed with Cas Hite culmxinating in the 
shooting of Kohler. This placer was later worked 
by Doctor Shock. 

The Goodhope Bar, about 3 miles below Ticaboo 
was located by George and Frank Gillam working 
with Cas Hite and his brother John. Later the 
bar was worked by Bert Sebolt and Goss, who built 
a large reservoir, a flume from the river to the reservoir, 
and a 40-ft water wheel for lifting the river water into 
the flume. These were the most extensive improve- 
ments made on bars in Glen Canyon. The Goodhope 
Bar and a bar known as the Pioneer Placer, about a 
mile and a half north of Goodhope are the only patented 
claims in the upper part of Glen Canyon. 

3 Cas Hite cut his name and the date on the south face of the rock ledge 1600 ft east 
of Trachyte Creek and 700 ft north of the river. 



The Red Canyon Bar (fig. 90), at the mouth of 
Red Canyon, was located by Henry Reems and later 
worked by Frank Adams and Bert Loper. Ryan 
prospected low-water bars near the mouth of Sevcnmile 
Canyon; David Lemon and Timxothy O'Keef pros- 
pected the Olympia Bar below Warm.spring Canyon; 
the Smith brothers prospected the Sundog Bar at 
Smith Fork and Sm.ith Bar at Hansen Creek; Billy 
Hay, Frank Kim^bell, and Lou Chaffin prospected the 
Moki Bar below Hansen Creek; and Al Star prospected 
the Amphitheatre Bar. The Grubstake Bar, just 
below Hite, apparently was not worked -until later. 
The Boston Bar, just below Halls Crossing, was worked 
by Jack Butler and later by Theodore and Andy 
Straus of Cortez; and the Shock Bar, located a few 
miles below Halls Crossing, and the lowermost bar 
in this upper part of Glen Canyon, was worked by 
Doctor Shock. 

In the lower part of Glen Canyon, between the 
San Juan River and Lees Ferry, Ariz., the Klondike, 
Mescan, and Wright Bars were also discovered and 
worked at this time (p. 221). Most of the placer 
maners stayed in Glen Canyon only temporarily, 
sustained by grubstakes largely earned elsewhere, 
but a few settled in the canyon and combined farming 
with their placer operations. Cas Hite was the first 
to settle and when he moved to Ticaboo ranch, F. W. 
Gibbons, Joha Hite, and Humphryoccupied the cabm 
at Hite. A. P. Adams, and later Bert Loper, farmed 
and developed small placer mines for many years at 
Red Canyon. 

During spring and summer the miners tended 
their farms on which a yearns supply of vegetables 
and fruits was raised and canned. The fall m-onths 
were spent placer mxining but a considerable part of 
this time had to be devoted to repaying ditches, 
mxachinery, and other equipment. Receipts equiv- 
alent to $2 or $3 daily were obtamed for the days 
spent operating the placer mines, but so few days of 
elch year could be spent mining that the usual annual 
income was only $150 to $200. 

Meanwhile Jack Sumner, who had been with Powell 
on his 1869 canyon trip, and J. W. Wilson began pros- 
pecting the gravel benches along Crescent Creek, which 
"heads in the Henry Mountains. The prospecting ex- 
tended into the Henry Mountains, too, and about 1890 
or a little earlier, Sumner and Jack Butler discovered 
gold in paying quantities hi a fissure at the head of 
Crescent Creek, in the Mount Ellen stock. They 
named then fissure the Bromide because they thought 
the ore was simxilar to the bromjlde ore they knew in 
(j^l^j^^A^^ The Deseret News of October 5, 1893, 
reported that the Bromide mine, then owned by Sumner 
and Benton Cannon of Grand Junction, Colo., had 
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produced $8,000 between May 15 and October 1 and 
that a small five-stamp mill had been erected. In 
addition to the Bromide mine there were half a dozen 
other prospects that offered promise and 100 men were 
reported working at them. 

A town known as Eagle City was built along Crescent 
Creek at the foot of the mountain. Besides a dozen 
homes it had a hotel, two saloons, a dance hall, three 
stores, and a post office. The Denver & Rio Grande 
Western Railroad made preliminary surveys of a route 
from the main line at Green River to Eagle City in antic- 
ipation of building a branch line when the mines could 
produce 100 tons of ore daily. But most of the pros- 
pects proved to be small The Bromide fissure paid 
well for a short time but the gold was confined to a 
pocket and the mine could no longer sustain the town. 
By 1900 Eagle City had become a ghost town and 
today a single log cabin marks the site. 

Soon after the decline of the Bromide mine, Al Star 
started a mine at the head of Mine Canyon on Mount 
Hillers but no production was obtained. There v/as 
no further development of fissure mines until about 
1900 when Woodruff prospected the south side of 
Mount Hillers by driving an adit 360 ft into the 
shatter zone at the edge of the Mount Hillers 
stock. About this same time Kimbell and Turner 
discovered and produced a small quantity of gold from 
their fissure in the Bromide Basin. 

In 1889 the Denver, Colorado Canyon & Pacific 
Railroad Co. had been organized and a party under 
Frank M. Brown and Robert B. Stanton surveyed the 
Colorado River to determine the feasibility and cost 
of building a railroad dovyTi the river to connect Colo- 
rado with southern California. The party met disaster 
in Marble Gorge where Brown was drov/ned. During 
the next few years Stanton supervised the building of 
short sections of railroad grade at several places in 
Glen Canyon, including a section on the west bank 
above Hite and between The Horn and Fourmile Creek. 
But the railroad was not feasible and the project was 
abandoned. The work, however, led to the formation 
of the Hoskinini Co., under Stanton, which attempted 
to dredge placer gold from the river channel above 
Bullfrog Creek. 

. The dredge was built at Camp Stone, by the river, 
2K miles above Bullfrog Creek (pi. 1). Machinery and 
supphes were hauled by v/agon from Green River and the 
Hoskinini freight road was built for that purpose. The 
tedious journey of nearly 150 miles between the dredge 
and Green River required 8 days so that regular stopping 
places were made along the route at Cane Sprmg, the 
Stanton coal mine, the ranches north of Mount HUlers, 
Poison Spring, and Hanksville, and in the Green River 
Desert there were camps at the Mormon Tanks and 



the crossing of the San Rafael River. About 25 men 
were employed in building the dredge, and another 25 
or 30 men drove the freight wagons which were pulled 
by teams of 4 to 8 horses. A string of 75 to 100 horses 
was purchased or hired. 

The dredge was built on a barge about 80 ft long and 
40 ft vfide, having about 8 in. of draft. Eighteen-inch 
buckets along a sprocket chain on a 20-f t boom off the 
bow scooped the gravel from, the bottom and dumped it 
into a horizontal perforated cylinder. The cyhnder 
revolved, carrying the coarse material off the stern and 
passing the finer material onto iron table sluices covered 
with screening and matting where it could be washed. 
Power was supplied by several gasoline engines. It was 
planned to run cables to the banks from each corner of 
the bow, enabling the dredge to shift position in the 
stream. The enterprise is said to have cost about a 
quarter of a million dollars but little effort was made to 
operate the dredge, practically no gold was recovered, 
and the project failed. The dredge was abandoned and 
parts of the machinery have since been moved to 
other bars. Within the past few^ years the dredge sank 
so now onJy the upper structure can be seen and even 
it is nearly hidden in the entangled driftwood. 

These developments in the area created a demand for 
logs, and timber was cut at several places on Mount 
Ellen. A road was built up Bull Creek and a sawmill 
was built in the large basin at its head. Logs were cut 
along Ellen Creek and hauled down Wagonroad Ridge 
to the mill. Timber was cut also on the north side of 
Mount Ellen, at the head of Birch Creek and Nazer 
Canyon. The Bacon Slide, a steep slope off the Birch 
Creek Bench just west of the mouth of Nazer Canyon, 
was used to sude logs to a wagon road at the mouth of 
Nazer Canyon. 

The first boom period of stock raising occurred during 
the nineties and large herds of cattle v/erc introduced to 
the southwest part of the Henr}^ Mountains region by 
the Thompsons and Yates, and later by Al Stevens. 
McClellan had large herds north and east of the moun- 
tains. Later Mclntyre, Sanford, and the Bowns also 
had large herds of cattle in the region. Burr, at the 
Granite ranch, raised horses in addition to cattle; and 
Star, south of Mount Hillers, raised mules and cattle. 
Small herds of sheep were introduced before 1890 by 
Giles and G. S. Rust, and larger herds were introduced 
during the nineties by I. J. Riddle and later by McAl- 
ister. But some of the cattlemen threatened to kill sheep 
brought into the country and very large sheep herds 
were not brought in until after 1900. In 1895 John and 
Joseph Smith, bringing a herd into the country, lost 109 
of their sheep by poisoning while passing near Notom. 
Enoch Larsen, at Notom, was suspected of having 
poisoned them and was tried in court, but he was 
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acquitted and it is now generally believed that the sheep 
were poisoned by an overdose of the milkweed that 
grows so prolifically in that part of the region. Thus, 
the quarrel over range rights between cattle and sheep 
owners was off to an early start. 

Postal service was extended to the new settlements 
soon after their establishment. With completion of the 
Denver & Rio Grande Western Railroad through Green 
River in 1883, mail v/as first brought to Hanksville from^ 
Green River, with service three tim_es weekly in each 
direction. This m_ail was carried by pony express and 
the rider would make the 110-mile round trip in 2 days. 
When Eagle City boomed, mail was carried there by 
pony express from Hanksville and another rider carried 
mail weekly from Hanksville to Hite. The first mail to 
Caineville, Notom, and Aldrich was from Loa and 
Hanksville, also by pony express. A rider would travel 
to Rabbit Valley one day and return the next, while 
another rider carried mail to Hanksville and return. 

Robbers Roost, located northeast of the Dirty Devil 
River, became the hide-away place for renegades as 
early as the nineties. These fellov/s v/ere on cordial 
terms w-lth most of the local people, though sought 
after by the lav/ of more established communities. 

When Caineville and Graves Valley were first set- 
tled, both the Muddy and Fremont Rivers flowed per- 
ennially in shallow narrow channels lined with willows 
and brush. Bridging the rivers was no problem then 
(figs. 113, 114-4); the first bridge across the Fremont at 
Hanksville consisted only of two poles supporting the 
cross planks. The arroyo of Bull Creek in Hanksville 
did not exist in 1890; in fact the surface was so level 
that the residents dug a small diversion ditch to prevent 
flooding of their town by sheet floods. 

Yvhen Bluevalley was settled the channel of the 
Fremont River was about 50 ft vfide and 4 ft deep 
(fig. 112). Water for irrigation v/as obtained by grav- 
ity feed and some brush placed along the bank was suf- 
ficient to turn the water into the ditch. Drinking 
water was obtained from wells dug to a depth of 20 
to 30 ft. 

Similarly at Caineville the river was formerly a 
small creek meandering in a fertile flood plain. Where 
the river crosses the Caineville Reef at Caineville a 
ditch diverted the water to supply the town, and 
another ditch, the Elephant ditch, carried water to 
Mesa from the river below Caineville. 

Today the rivers are in broad arroyos that have been 
cut many feet into the old flood plains. In addition, 
arroyo cutting has extended up all the fxrst-order tribu- 
taries and a great many of the second-order tributaries, 
resulting in an extensive system, of deep, steep-walled 
ditches that seriously impede even horseback travel. 
The ground water in the alluvium of the flood plains 



has been so lowered that many flood plains have been 
converted to desolate waste land. Some measurements 
of the erosion are given on pages 205-209. 

According to reports of old timbers and records in 
the Church Historian's ofiice the erosion started 
abruptly on Septem^ber 22, 1897, when a large flood 
gv/ept down the Frem_ont River.* Every town in the 
valley was inundated, their dams and irrigation sys- 
tems were swept away or flUed with silt, much of the 
farm land was buried with silt, and the river channel 
was widened and deepened. From that day to this 
the procurement of water has been a serious problem, 
as dam after dam has been swept away in the continu- 
ing erosion. 

At HanksviUe a dam across the Fremont River, 1% 
miles above the mouth of the Muddy River, was de- 
stroyed when the river cut around it. Another dam^ 
was built just above the Muddy and tv/o others v/ere 
built above the site of the present dam. but each failed 
in turn. The present dam., built about 1910, had a 
reservoir depth of 25 ft, buf by 1913 this reservoir 
was flJled with silt and an ample steady supply of water 
for irrigation is still a pressing problem. 

At Giles the irrigation system was so badly damaged 
by the 1897 flood that repairs were not completed until 
the following June when crops were planted again 
even though the season was late. Several dams were 
built at Bluevalley but, as floods repeatedly destroyed 
them, the town was finally abandoned about 1909. 

In Caineville not less than 10 homes, or half the vil- 
lage, have been swept away. The Elephant ditch belov/ 
Caineville was abandoned when the river cut several 
feet below the ditch; and the settlers at Mesa then had 
to take their v/ater from, the Caineville ditch. A dam 
built v/here the Frem^ont cuts through the Caineville 
Reef was destroyed in subsequent floods and this neces- 
sitated moving the intake for the Caineville ditch about 
a mile upstream. 

A few people moved away immediately after the large 
flood; Mesa was practically abandoned by 1898, but at 
the other communities the settlers made the best of the 
circumstances until 1909, when the Uhurch of the Latter 
Day Saints granted honorable release lo the people who 
wished to leave. Giles was practically abandoned and 
Caineville nearly so, and the Church assisted those 
leaving to establish homes in Rabbit Valley. The early 
floods did less dam^age at Hanksville so that few persons 
moved av/ay. 

Church records indicate a population of 552 persons 
in the area in 1893. The census of 1900 records 372. 



4 The Deseret News of October 30, 1897 gives the date of the flood as Sept. 22, 18Q6. 
Weather Bureau records reveal no unusual precipitation in the region during Sep- 
tember 1896 but the records do show two to three times the normal rainfall at Giles 
and at Loa during September 1897. The date 1896 reported in the newspaper is 
probably a misprint. 
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i^'urther decline is recorded in the census of 1910 which 
records a population of 256. The present population, 
less thaa 225, was reached about 1920. 

Settlement and demopment of the region brought 
about a change in the wildlife. Mountain sheep had 
been common, though not abundant, on all the moun- 
tains and in m.ost of the canyons tributary to the Colo- 
rado River, but they became nearly extinct by 1900 
and today range only on Mount Holm.es and Mount 
Ellsworth and in the least accessible canyons. Beaver 
and badger had been abundant along the Fremont and 
Dirty Devil Rivers but by 1900 had become scarce, 
probably more because of change in water supply due 
to erosion than because of trapping. 

1900 TO TIIE PRESENT 

Utah had been admitted as a state in 1896, but this 
action^ scarcely affected the Henry Mountains region 
as it slowly recovered from the ravages of the flood of 
1897 . Just before the first World War, however, several 
nevf ranches were started in the region, large herds of 
cattle and sheep were reintroduced, the coal deposits 
were extensively prospected, and the vanadium deposits 
were discovered and mined. Enoch Larsen developed 
a ranch at Notom by acquiring the neighboring prop- 
erties and sold it bo Will Bowns. Bowns, with Sidney 
Curtis and Charlie Hunt, later started the Sandy 
ranches. About 1908 the Fairview ranch was built. 
The Meeks purchased large parts of Caineville when the 
early settlers moved away about 1909. Baker and 
Coleman started the ranch now owned by Emery King, 
and, at the lower end of Halls Creek, T. W. Smith 
started the ranch later owned by Eugene Baker. In the 
early stages of World War I, Irvin Robison started the 
ranch later owTied by Eugene Baker. In the early 
stages of World War I, Irvin Robison started the 
Trachyte ranch and Garvin, Teeples, and Hunt started 
the ranches that bear their nam.es. 

About 1900, Willard and George Brinkerhoff , Williamx 
Meeks, and Will Bowns had introduced large cattle 
herds to the region and Bowns, introduced the first large 
herds of sheep. When the war stimulated the livestock 
industry large herds of cattle and sheep were managed 
from the ranches and from range camps. In 1914 
sheep began to replace cattle on the range and by 1925 
they had very largely replaced the cattle. Shortly 
after the war Joe Robison brought in a large herd of 
Angora goats and ranged them for a short time in the 
north part of the area. 

The coal in the area Vv^as first utilized about 1888, 
when a mine at the head of Hansen Creek was opened 
to obtain coal for firing a boiler at the gold prospect on 
the California Bar in Glen Canyon. Additional coal 
was mined there in 1900 to supply the blacksm_ith needs 



of the dredge of the Hoskinini Co. on the Colorado 
River. The Factory Butte coal mine was opened in 
1908 to supply local domestfic needs. A company 
organized under W. D. Hendrickson started several 
small mines in the coal beds of the Emery sandstone 
about 1914, and, later, coal from them was used in 
drilling the MuUer and Tasker wells in the Green River 
Desert. 

The demiand for vanadium created by World War I 
led to the discovery of the vanadiumi deposits of the 
region. Hess Hatch is credited v/ith discovering miost 
of them , His locations were purchased by the Standard 
Chemical Co., and some ore was produced during the 
war from the deposits at Trachyte ranch and Delm.ont. 
Ira Browning is credited with discovering the deposits 
at Temple Mountain. Much later the United Vana- 
dium Corp. obtained and produced ore from claims 
discovered by Bill Hitch on the South Fork of North 
Wash. 

Gold was produced from the Lawler-Ekker placer 
claim on the Crescent Creek Benches beginning about 
1910. Since then this placer has been a small but 
fairly steady producer of gold— the most successful 
gold venture in the area (fig. 42 C). 

One of the most curious developments was started 
about 1918 by E. T. WoUvcrton and his partner, Gates, 
at the mouth of Straight Creek Canyon on Mount 
Pennell. WoUverton prospected for gold on the 
divide between Corral and Straight Creeks and con- 
structed a surprisingly elaborate mill to crush the ore. 
His mill and four cabins were built entirely by hand and 
each is a tribute to his craftsmanship, — the mill in 
particular is one of the show places of the Henry Moun- 
tains. A water wheel 20 ft in diameter, which was 
run by water conveyed by a ditch and flume from 
Straight Creek, was built entirely of ax-hewn logs, and 
was so nicely balanced that even after prolonged 
weathering the heavy wheel can still be turned easily 
v/ith one hand. Wooden pulleys and drums for carry- 
ing belts and conveyors v/ere cut by hand imiplemients. 
The ore was crushed by rotation of a drum dragging 
boulders over the ore in a moat. The m^achinery was 
housed in a log building roofed with hand-riven shingles, 
A fine broad trail was built from the mill to the mine, 
1,000 ft above the creek, and the ore was hauled on 
sleds pulled by mules. 

WoUverton's home was set against the canyon side, 
built of neatly squared logs, floored with homemade 
planks, roofed with homemade shingles, furnished with 
masonry fireplace, and tightly cemented with adobe. 
A storage cellar was dug into the hill as an adjunct to 
the main room. In front a yard was graded and planted 
v/ith flov/ers and vines. Three other cabins were built 
to house the stock and equipmient, and each is a tribute 
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not only to craftsmanship but to phj^sical energy, for 
he raised the garden produce consumed in his home, in 
addition to doing the construction work and a httle 
mining. He died about 10 years after starting his 
place and without having produced much, if any, gold. 

In 1913 a telephone line was built under a cooperative 
plan from. Fruita to Notom. and Caineville but the hue 
has been out of commission since 1926. 

During the latter part of the twenties a second at- 
tempt was made to settle Blue Valley and a dam was 
built across the Fremont by Arthur Chaffin. An ex- 
tensive set of irrigation ditches was built to water the 
broad Blue Valley plain, but the dam was destroyed by a 
flood in 1932 and the project abandoned. 

One of the most important developments in the area 
took place in 1933 at Hanksville, when the Drought Re- 
lief Commission financed the drilling of a well that dis- 
covered artesian water in the Entrada sandstone (see 
p. 215). A small, but satisfactory, now of excellent 
drinking water was obtained. Although the capacity 
and extent of the artesian basin are not yet fully knov/n 
it appears that a start has been m.ade toward overcom- 
ing the scarcity of water, which has been and still is the 
most serious obstacle to living in the region. 

DERIVATION OF PLACE NAMES 

Some of the geographic nam.es in current use in the 
Henry Mountains region were applied by field parties 
of the Powell Survey. Most names, however, have de- 
veloped by local usage and many inconsistencies have 
arisen because more than one nam^e has been given to 
som^e features by the different groups of persons in the 
area. Thus, a place may be given one name by the 
placer prospectors on the Colorado River, another by 
the winter stockmen on the plateau, and still another by 
the summer stockmen and prospectors on the moun- 
tains. On the other hand prosaic names like ''cotton- 
wood'' and ''dry'' have been applied to many diff"erent 
places. In the preparation of the maps accompanying 
this report adjustments and compromises of the names 
have been necessary. The derivation of the principal 
place namxcs used in the region is summarized in the 
following table. 

Table 1. — Derivation of place names in the Henry Mountains 

region 

Aidrich. Settlement established about 1890, but now abandoned. 

Source of name not known. 
Arches Canyon. Name refers to sandstone arches. Similar 

arches are abundant in other canyons too. 
Bacon Slide. A locality where logs dragged from the head of 

Birch Greek were slid down to a wagon road. Named for one 

of the early Hanksville settlers. 



Baking Skillet Knoll. A sandy hill on Burr Desert frequently 
visited by cowpunchers because it commands a view over the 
surrounding desert. 
Bank of Ticaboo. ^ee Ticaboo Bar. 

Beaver Wash. Name, given by early settlers, presumably reflects 
former abundance of beaver along the Dirty Devil River at the 
mouth of this wash. 
Benson Springs. Named after Benson who was associated with 
Sanford and Voight when the ranches on the north slope of 
Mount Hillers were started. 
Bert Avery Seep. Bert Avery was one of the earliest settlers in 

the legion and helped found Clifton. 
Bitter Spring, Bitter Creek. The name evidently refers to the 

alkaline taste of the v»^ater. 
Berts Mesa. Named for Bert Avery. 
Black Canyon, Black Mesa. Name given locally; refers to dark 

desert varnish on the rock of the localities (fig. 53) . 
Blind Trail Canyon. Name given by early settlers because of 

difficulty in finding trail onto Wildcat Mesa. 
Bloody Hands Gap. Named for pair of hands painted with red 

paint on rock wall. 
Bine Basin. Named for blue color of Mancos shale v/hich forms 
badlands in part of Sawmill Basin. The same name is some- 
times applied to Jet Basin. 
Blue Gate. Gilbert's name for the part of the Fremont River 

valley between North and South Caineville Mesas. 
Blue Point. The southernmost point of Mancos shale, over- 
looking Cane Spring Desert. 
Bluevalley. Settlement named for the blue color of the Mancos 
shale; established in 1883; also called Giles; known as Burgess 
prior to 1902. 
Boston Bar. One of the gold placer bars along Glen Canyon; 

name given by the early prospectors. 

Boulder Canyon. Named because passage through the narrow 

canyon is blocked by a huge boulder that fell from the rim 

and lodged between the walls 3 ft above the floor of the canyon. 

Bromide Basin. Name taken from Bromide gold mine which 

was erroneously thought to contain bromide ores (fig. 2b A), 

Browns Creek. Named for Cap Brovv^n, an early renegade v/ho 

camped frequently at the corral. 
Bull Creek. The Powell Survey originally called this Bowl 

Creek, but usage has changed it to Bull Creek (fig. 105). 
Bull Mountain. See Jukes Butte. 

Bullfrog Creek. There are a few hardy frogs at some of the 
seeps between the dry stretches of this 45-mile long valley, 
but they are not the most characteristic feature of it. 
Buckhorn Hole, Buckhorn Ridge. Localities on the north slope 

of Mount HoIm.es frequented by m_ountain sheep. 
Burned Ridge. An old name for a ridge on the west side of 

Mount Ellen, evidently referring to a forest fire. 
Burr Desert, Burr Point. Named for the founder of Granite 

ranch. A.lso spelled Buhr. 
Burro Bar. A gold placer bar in Glen Canyon named by early 

prospectors. 
Butler Canyon, Butler Wash. Named for Jack Butler, one of 
the early prospectors on Mount Ellen and codiscoverer (with 
Sumner) of the Bromide gold mine. 
Cache Creek. A stream on the north side of Mount Holmes 
where some riding equipment, evidently cached by renegades, 
was found. Gilbert applied the name to Dugout Creek on 
Mount Ellen because he cached supplies there. 
Caineville. Named for John T. Caine, Utah congressman; 

settled in 1882 by Cutler Behunin and others. 
California Bar. A gold placer bar in Glen Canyon named by 
early prospectors. 
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Capitoi Reef. Name given by Powell Survey, presumably be- 
cause massive sandstone on the hogback ridges (reef) forms 
huge domes that resemble the Capitol dome in Washington. 

_ D. C^(fig. 94). 

Castle Butte. A castle-like butte in Glen Canyon below Hite. 

Cedar Creek, Cedar Mesa, Cedar Point. In this region, except 
around the foot of the mountains, trees of any kind are so 
few that the use of cedar as a name has some distinction. 

Circle Cliffs. Name given by the Powell Survey. 

Clay Canyon. Name refers to the badland, clay hills along this 
tributary to Bullfrog Creek. 

Clifton. Founded by Bert Avery about 1889; nickname Kitchen- 
town; abandoned; name probably taken from nearby cliffs. 

Coal Bed iviesa. Named for the Stanton mine coal bed at the 
head of Hansen Creek. 

Coaly Wasli. Name refers to the thin coal beds along the wash. 

Coleman Creek. A canyon in the Waterpocket Fold named for 
the man who, with Baker, started the King ranch. 

Collie Wash. Source of name not knov/n. 

Colorado River. Mouth discovered in 1540 by Hernando de 
Alarc6n, who named it Rio de Buena Guia (good guidance), 
from the motto on the Viceroy Mendoza's coat of arms. Later 
in 1540 Mclchior Diaz, attempting to contact Alarcun for 
Coronado, saw the lower part of the Colorado River and 
named it Rio del Tizon. In the fall of 1540 Cardenas, another 
of Coronado's officers, discovered Grand Canyon and identified 
it as the upper part of the Rio del Tizon. The name Colorado 
was first used by Onate in 1604 for the Little Colorado River 
in Arizona, the name being applied because of the red color of 
the water. When he visited the lower part of the Colorado 
River he named it Rio Grande de Buena Esperanza. In 1698 
Padre Kino visited the lower part and called it Rio de los 
Marfires, but his map in 1701 called it Rio Colorado del 
Norte (figs. 8A, 9, 87, 90). 

Copper Creek. Local name for a stream draining eastward from 
Mount Ellen and another draining southv/ard from Mount 
Hillers. There is little or no copper staining along either. 

Cottrell Benches. Mesas named for Cottrell who obtained Tom- 
linson ranch, which was located on the benches above Bull 
Creek. 

Cow Dung Wash. Cattle range in this part of the Burr Desert. 
Coyote Creek. Local name for a stream draining eastward from 
Mount Pennell. 

Crescent Arch. Name given by Gilbert to the arched formations 
at the Eagle Benches. 

Crescent Creek. Name given by the Powell Survey to the 
stream heading in Bromide Basin, Local usage restricts Cres- 
cent Creek to the upper part of the stream, and applies North 
Wash to the lower part. 

Dead Horse Point. Source of name not known. 

Deer Canyon. One of the infrequently visited canyons on the 
rough west side of Mount Pennell. 

Dell Seep. Named for one of the local stockmen. 

Dirty Devil River. Name given by Powell (1875, pp. 67-86) 
during his descent of the Colorado River in 1869 (p. 14). The 
Fremont and Muddy Rivers join to form the Dirty Devil (fig. 
SB). 

Dugout Creek. Presumably named for a range camp dugout. 

Gilbert referred to the stream as Cache Creek because he 

cached supplies there. 
Eagle City. An abandoned town by Crescent Creek at the foot 

of Mount Ellen; built in the 1890's when gold was discovered 

in Bromide Basin. 



Eggnog. A good spring and favorite stopping place for stock- 
men. The name is said to refer to the liquid refreshment^ 
other than spring water, consumed there. 

Egypt. Locality named for grotesque erosion forms in sandstone. 

Elephant. See Mesa. Elephant is the local name for a badland 
butte of elephantlike form. 

Factory Butte. Name given by early settlers; from, resem^blance 
of the butte to the profile of the Prove woolen mill where 
local wool was traded (fig. 98C). 

Fremont River. Named for John C. Fremont. The Fremont 
River joins the Muddy River to form the Dirty Devil River. 

Fourmile Creek. Named for the distance below Hite (fig. 101). 

Garden Basin. An unexplained misnomer applied to some un- 
inhabited range land on Mount Ellen (fig. 27). 

Ghost Ridge. A ridge near Star ranch. The name recalls a 
range-camp prank. 

Giles. See Bluevalley. 

Glen Canyon. Named by the Powell Survey, probably referring 
to the narrov/ parts of the canyon and to the numerous, narrow- 
tributary canyons. 

Gold Creek. Name probably dates from a promotional scheme 
(fig. 49). 

Goodhope Bar. A gold placer bar in Glen Canyon named by 
early prospectors. 

Grand Gulch. See Hall Creek. 

Granite Creek, Granite Ridges. Name probably given by early 
prospectors. 

Graves Valley. Name given by the Powell Survey to the 
valley of Fremont River between Hanksville and Caineville. 
Probably named for Walter H. Graves, who was a topographer 
for the Powell Survey. The name is used in the second edition 
of Powell's report on "Lands of the arid West". The valley 
was called Meadow Valley in the first edition of the report. 

Grubstake Bar. A gold placer bar in Glen Canyon named by 
early prospectors. 

Halfway Bench. The bench about midway between Hanksville 
and the Poison Spring Benches. 

Halls Creek, Named for Charles Hall v/ho settled at the mouth 
of the creek about 1882; also called Grand Gulch; formerly 
called Hoxie Creek (figs. 95C, 97). 

Halls Crossing. Named for Charles Hall who ferried Bluff 
colonists across the Colorado River at the Hole in the Rock, 
and who later (about 1882) located this m.ore favorable 
crossing. 

Hanskville. Settled 1883 and named for Ebenezer Hanks, one 
of the founders of the village. The town was first called 
Graves Valley. 

Hansen Creek. Source not known but one story relates that 
about 1882 a man named Hansen, driving an oxen team, tried 
unsuccesssfully to go east across the Colorado River by way 
of this creek. 

Henry Mountains. Name given by Powell Survey. Named 

for Joseph Henry, Secretary of the Smithsonian Institution. 

The field notes of members of the Powell Survey refer to the 

Henry Mountains as the "Unknown Mountains". 

Hite. Named for Cas Hite, who settled here in 1883. Formerly 

known as Dandy Crossing (fig. 9.4). 
Hog Cany OR. Said to have been named for the fact that some 

hogs were kept here one winter- 
Horn. Local name for the butte in Pennellen Pass (fig. 46). 
Called Sentinel Butte by Gilbert. Local name for the point 
at the sharp bend in the Colorado River 5 miles below Hite 
(fig. 87). 
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Horseshoe Ridge. Name given locally because of the plan of 

the ridge (fig. 105). 
Hospital Canyon. Named by residents at Hite who are reported 

to have kept sick cattle here. 
Hoxie Creek. See Halls Creek, 
Indian Spring. Nam.ed for the abundant flint and pottery chips 

that are found in the vicinity of the spring (fig. 108) . 
Jet Basin. Named for occurrence of coaly material in the 

basin. Also sometimes known as Blue Basin. 
Jukes Butte. Named by Gilbert; called Bull Mountain by local 

residents (fig. 105). 
Jump. Named for ledge crossed by Granite Creek in SE>4, 

sec. 13, T. 31 S.,R. lOE. 
Litiie Rockies. Local name for Mounts Holmes and Ellsworth 

(fig- 64). 
Lost Spring. Name probably signifies difficulty of finding this 

spring which is hidden in an obscure tributary wash. 
Maiden Creek. Source of name not known. 
Marinas Canyon. Source of nam_e not known. 
Maze Arch. Name given by Gilbert to the arched formations 

at the southeast corner of Mount Ellen. 
Mesa. Settlement known also as Elephant; started in 1887 
by Dalton and Huntsm.an but abandoned about 1898= Name 
probably taken from North Caineville Mesa. 
Middle Mountain. See Mount Pennell. 
Mine Canyon. Named for the Star Mine. 
Mokl Canyon. Named for Indian ruins and other Indian signs 

in the canyon. Also spelled Moqui. 
Mollys Castle. Source not known. _ 

Mount Ellen. Named for the wife of A. H. Thompson of the 
Powell Survey. Locally referred to as North Mountain. 
Gilbert, during his 1875 trip, referred to this mountain as 
Henry I (fig. 32). 
Mount Ellsworth. Source of name not known, but was used by 

Gilbert during his 1875 field trip (fig. 110). 
Mount HiUers. Nam-ed by Powell Survey for J. K. Hillers, 
photographer of the U. S. Geological Survey. Locally referred 
to as South Mountain (figs. 48, 50). 
Mount Holmes. Named by Gilbert for \Y. H. Holmes of the 
Hayden Survey. Gilbert referred to this m_ountain as Henry V 
during his 1875 and 1876 field trips. The mountain is known 
locally as the North Rocky (fig. 61). 
Mount Pennell. Locally referred to as Middle Mountain. 
Pennell evidently v^as a relative, or intim^ate friend of A, H, 
Thompson, whose dairy for August 17, 1871 contains the 
reference, '^Dreamed of PennelFs folks last night'' (Gregory, 
1939, p. 37). The name was used by Gilbert during his 1875 
field trip (fig. 43). 
Muddy River. Named for muddy water. Called Curtis Creek 

by Powell Survey (fig. 12B). 
Muley Twist Canyon. A canyon so winding that, it is said, 

mules have to twist to pass through it (fig. 97). 
New Year Bar. A gold placer bar in Glen Canyon nam_ed by the 

early prospectors. 
North Caineville Mesa. Name taken from town of Caineville. 

Has been called Hanks Mesa (fig. 20 A). 
North Mountain. See Mount Ellen. 

North Wash. Name probably refers to fact that this is the north- 
ernmost of the canyons used by persons traveling overland to 
Hite: formerly called Crescent Creek. It is formed by the 
junction of Crescent Creek, Copper Creek, and South Fork. 
Notch. Several gaps have this name; the one best known is 
5 miles north of Hanksville, used for the freight road of the 
Hoskinini Co. i^:k:.L l'\ 



Notem. Settlem.ent, form-erly called Pleasant Creek. Founded 
about 1884. Source of name not known, although one local 
story derived it from "No Tom". In use since 1903 (fig. 113). 
Peshliki Mesa. Name derived from Hostin-Peshliki, the nick- 
name given by the Indians to Cas Hite (fig. 90). 
Oak CreeK. Name applied to the headward part of Sand Creek 

and to a stream draining northwest from Mount Ellen. 
Olympia Bar. A gold placer bar in Glen Canyon named by 

early prospectors. 
Penitentiary Point. Name probably refers to the striped rocks. 
Pennell Roughs. Name refers to the rough area at the head of 

Pennell Creek. 
Pinto Hiiis. x\ ame refers to the varicolored badlands form^ed by 

the Morrison formation (fig. 98 B). 
Pistol Creek. Source of name not known. 
Pleasant Creek. Named by earliest settlers for the clear water. 

Called Temple Creek by Powell Survey (fig. 113). 
Poison Spring. Local nam.e. The spring water is alkaline but 

not poisonous. 
Pulpit Arch. Name given by Gilbert, for pulpit-shaped erosion 

remnant of sandstone at center of the arch. 
Ragged Mountain. Local nam.e for the butte at the southeast 
corner of Mount EUen. Name refers to jagged summit. 
Gilbert referred to it as Scrope Butte. 
Red Canyon, Red Hills, Red Hole. Name refers to the red 

rocks of these localities. 
Reservoir Basin. Source not known. Probably a reservoir for 

Granite ranch was located in the basin. 
Riverview Butte. The butte overlooks the lower canyon of the 

Dirty Devil River. 
Ryan Bar. A gold placer bar in Glen Canyon named for one 

of the early prospectors. 
Saleratus Creek. The stream draining southwest from South 

Pass. Name taken from the Spanish word for saline. « 

Sand Creek. Local usage. Also called Sandy Wash or the 

Sandy by local usage. Called Tantalus Creek by Gilbert. 
Sawmill Basin. Called the Bowl by the Powell Survey. A 
sawmill built there in the nineties is responsible for the change 
in the name. 
Sawtooth Ridge. Named for jagged sawtooth profile. 
Scratch Canyon. Name probably refers to the dense brush. 
Sevenmile Creek. Named for distance below the Ticaboo Bar, 
Sheets Gulch. Source not known. 
Shock Bar. A gold placer bar in Glen Canyon, named for one 

of the early prospectors. 
Shootaring Creek, Shootaring Foint. Source of name not 

known. 

Sill Canyon, A canyon draining the southwest side of Mount 

Pennell. Name refers to a high rock sill crossed by the 

stream. 

Siate Creek. Named for baked shale in hcadv/aters (fig. 27). 

Slick Rock Trail. This trail into Poison Spring Box Canyon 

descends a steep bare rock slope. 
Smith Fork. A canyon tributary to the Colorado Kiver named 

for the brothers who prospecued the Sundog Bar. 
Sorrel Buite. The name refers to the color of this butte in 

Burr Desert. 
South Mountain. See Mount Hillers. 
South Creek. Local name for the southernmost large stream 

on the west side of Mount Ellen (fig. 32). 
Specks Ridge. Speck was the name of a milch cow that was 

pastured on this ridge. 
Squaw Spring. Probably nam.ed because of proximity to 
Indian Spring (fig. 108). 
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Stair Canyon. Name refers to the sandstone ledges along this 

tributary of North Wash. 
Star Ranch. Founded by Al Star about 1890, now abandoned. 
Steele Butte. Named for Pete Steele, one of the early settlers 

(fig. 18c). 
Stephens Mesa, Stephens Narrows. Named for Al Stephens- 
one of the early stockmen. 
Stewart Ridge. Named for one of the early owners of the 

ranches on the north slope of Mount Hillers (fig. 48). 
'Stoddard Whipup. A steep grade ascending one of the Poison 

Spring benches along the freight road of the Hoskinini Co. 

Stoddard was one of the drivers for the company. 
Straight Creek. Name probably refers to the straight course of 

the creek below WoUverton's cabin. 
Sundog Bar. A gold placer bar in Glen Canyon; named by the 

early prospectors. 
Swap Mesa. Source of name not known (fig. 95 A). 
Sweetwater Creek. Local name. The v/ater is alkaline. 

Called Lewis Creek by Powell Survey. 
Swett Canyon. Named for Swett who built a cabin at the mouth 

of the canyon during the early days. 
Table Mountain. PvOund, flat-topped mountain v/ith tablelike 

form. Called Marvine laccolith by Gilbert (fig. 40). 
Tapestry Wall. Name given by early prospectors in Glen 

Canyon, for vertical streaks of desert varnish on sandstone 

cliffs. 
Tarantula Mesa. A local name possibly corruption of the name 

"Tantalus" which was given by the Powell Survey to Sandy 

Wash. The mesa was called Masuk Plateau in Gilbert's 

report (fig. 95^). 
Theater Canyon. Name refers to the large amphitheater drained 

by this canyon on the south side of Mount Holmes. 
Thompson Mesa. Named for one of the early stockmen. 
Ticaboo. Name given by Cas Hite; taken from a Ute word 

meaning friendly (fig, 90) , 
Ticaboo Bar. A placer gravel bar called the "Bank of Tica- 

boo'^ by Cas Hite who said he had "a lot of gold on deposit." 
Trachyte Creek. Name given by Powell Survey, probably from 

abundant "trachyte" boulders along the creek. Is formed by 

junction of Slate and Straight Creeks (figs. 9^, 9 ID). 
Trail Canyon. The wagon trail that led to Woodruff and Star 

Ranches followed this canyon. Headward part sometimes is 

referred to as Chaparral Creek. 
Trochus Butte. Name given by Gilbert to sandstone butte on 

the north side of North Wash. Significance of name not 
known (fig. 91A), 
Wagonroad Ridge. Lumber was hauled by wagons down this 

ridge to the sawmill in Sawmill Basin. 
Warmspring Creek. Name given by early prospectors who may 
have found the creek water warmer than the Colorado River 
in winter time, but no warm springs are known in the canyon. 
Waterpocket Fold. Hogback ridge named by Powell Survey 
for the abundant natural tanks or water pockets in the massive 
sandstone of the ridge (figs. 95A, 97). 
Well Wash. Wash named about 1900 for well Lhau was dug to 
supply freight teams of the Hoskinini Co. in this part of the 
desert. 
Wildcat Mesa. The incident, if any, back of this name is not 

known. 
Wild Cow Canyon. Named for a corral that was built in this 

canyon for rounding up wild cattle. 
Wild Horse Butte. Wild horses were frequently corralled at the 

spring near the north base of the butte. 
Woodruff Canyon, Canj^on nam.ed for the man ¥/ho settled on 
the benches east of Mount Hillers. 



OlilMATB 

The climate of the plateau around the Henry Moun- 
tains is characterized by aridity and great temperature 
ranges. Rainfall and humidity are low, temperatures 
range from below zero to over 100*^ F. and wind move- 
ment and consequent evaporation are high. The 
mountains have greater rainfall and lower temperatures 
than the surrounding plateau. 

Tem^peratures vary greatly between the plateau and 
various parts of the mountains^ but no data are available 
for making quantitative comparisons. In the bottoms of 
the deeper canyons freezing temperatures are generally 
limited to the period November 15 to March 15, but 
even during this period freezing temperatures are not 
common. On the plateau freezing temperatures are 
common between the middle of November and middle 
of March and may occur during the six weeks preceding 
or following that period. Numerous freezes occur on 
the summits of the northern three mountains during 
June and September nights. 

The prevailing wind is from the southwest, so the 
Henry Mountains region is located in the rain shadow 
extending eastward from the High Plateaus. Storms 
that frequent the High Plateaus commonly move north- 
ward along their east slope and miss the Henry Moun- 
tains region. Some storms originating along the south 
edge of Boulder Mountain (fig. 1) follow a northeasterly 
course across the Waterpocket Fold but when such 
storms reach Mount Hillers, Mount Pennell, or Mount 
Ellen, they usually turn northward along those moun- 
tains before they are dissipated. The few that leave 
Mount Ellen resmne a northeasterly course so that Burr 
Desert, which lies in this path, seems to receive slightly 
more rainfall than the adjacent desert to the north or 
south. 

Only a few of the summer storms cover an area as 
wide as 20 miles. During each field season it was 
noted that the earliest summer storms moved across the 
north part of the area, and as the storm season progressed 
the storm paths moved farther and farther south. 
Local residents confirm this general observation. 

Russell (1933, pp. 753-763) has presented evidence 
to show that the rainfall in desert parts of the West is 
neither more spotty nor more torrential than the rain- 
fall in more humid parts of the country, whether com- 
pared by volume or by percentages of the annual fall. 
However, in arid regions gentle rains add little to the 
water table or runoff because of the excessive evapora- 
tion. Around the Henry Moxmtains gentle rains 
lasting more than an hour are very uncommon and 
gentle rains of less diu'ation have practically no signif- 
icance in denudation because fluviatile erosion is ac- 
complished only when precipitation exceeds evaporation. 
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Thus^ virtually the only storms that are effective are 
the local, so-called torrential type. 

The importance of the torrential type of storm to 
desert denudation is brought out ftirther by the fact 
that the average year at Hanksville, since 1920, has 
had about 202 clear days, 128 partly cloudy days, and 
only 35 cloudy days. Moreover, on the average, only 



32 of the days each year have had precipitation exceed- 
ing 0.01 in. At any given locality in the desert, there- 
fore, probably no more than a dozen storms a year 
produce sufficient runoff to be effective in denudation. 
The mean temperatures and monthly and annual 
precipitation at Hanksville since 1920 are shown in the 
following tables: 



Table 2. — Monthly and annual mean temperatures at Hanksville, Utah, since 1920 
[Data compiled from U. S. Weather Bureau Annual Summaries, "Climatological data for United States, by sections."] 



Year 


January 


February 


March 


April 


May 


-June 


Jnly 


August 


Septem- 
ber 


October 


Novem- 
ber 


Decem- 
ber 


Aimual 


1920 - - 


21.8 
27.8 
24.2 
-32.2 
19.6 
15.8 
26.0 
30.7 
30.9 
24.2 
20.5 
25.4 
23.3 
21.0 
33.0 
28.5 
23.8 
9.4 
31.2 


35.6 
34.9 
31.4 
-31.2 
37.2 
34.4 
38.3 
39.1 
37.4 
26.9 
34.2 
39.8 
38.0 
22.0 
43.1 
33.8 
.38. 5 
29.8 
37.8 


42.0 
45.0 
45.0 
39.4 
39.9 
45.2 
46.6 
48.2 
48.5 
46.6 
45.4 
42.1 
42. G 
39.8 
52.0 
41.8 
46.4 
43.8 
42.6 


55.4 
49.5 
47.4 
50.8 
51.4 
56.1 
57.2 
56.4 
57.6 
51.1 
60.0 
55.2 
52.6 


63.4 
61.4 
59.6 
62.2 
63.6 
68.4 
63.2 
62.8 
66.4 


71.7 
72.3 
74.6 
69.0 
73.9 
71.2 
75.6 
73.3 
72.1 
68.6 
71.3 
73.2 
70.4 
76.0 
69.0 
73.2 
77.4 
73.4 
72.5 


80.1 
73.2 
78.0 
80.1 
78.3 
79.0 
78.4 
80.6 
78.8 
80.0 
79.4 
81.6 
77.4 
81.8 
80.2 
76.4 
80-5 
78.6 
78.0 


69.7 
66.4 
74.4 
70.8 
71.2 
75.4 
73.6 
73.3 
74.8 
76.6 
76.2 
76.2 
71.0 
77.8 
78.6 
77.4 
79.4 
78.0 
79.2 


63.4 
64.5 
65.5 
65.4 
65.1 
64.2 
62.6 
62.5 
65.1 
64.0 
65.2 
67.2 
60.0 
72.0 
65.8 
68.5 
68.4 
67.6 
68.2 


53.0 
56.8 
51.4 
49.2 
50.7 
51.8 
51.8 
54.6 
56.2 
56.0 
52.6 
55.6 
47.2 
60.7 
55.5 
56.4 
54.8 
54.4 
53.2 


40.0 
42.7 
40.6 
41.9 
37.6 
36.6 
44.6 
46.6 
46.4 
35.8 
37.8 
38.0 
34.7 
42.4 
46.0 
39.0 
35.6 
41.6 
31.2 


25.1 
-34.7 
37.0 
30.8 
26.2 
30.4 
29.5 
29.0 
28.0 
32.6 
24.7 
23.9 
26.1 
36.4 
28.9 
29.5 
30.2 
36.5 
27.2 


51.8 


1921 ... 


.52.4 


1922 


52.4 


1923 


51.9 


1924 


50.8 


1925 


52.4 


1926 


54.0 


1927 

1928 


54.8 
55.2 


1929 




1930 


59.2 
60.8 
63.2 


52.2 


1931 

1932 

1933 


53.2 
60.5 


1934 


6-5.8 
52.3 
.56.6 
52.4 
53.2 


66.9 
58.4 
64.4 
65.2 
61.8 


.56.2 


1935 

1936 


52.9 
54.7 


1937 ____ 


52.6 


1938 


53.0 


Normal 


22.3 


33.9 


43.7 


52.6 


61.3 


71.2 


77.6 


73.0 


64.1 


51.7 


38.9 


27.1 


51.4 



Table 3. — Monthly and annual precipitation , in inches^ at Hanksville, Utah, since 1920 
[Data compiled from U. S. Weather Bureau Annual Summaries, "Climatologlcal data for United States, by sections"] 



Year 


January 


February 


March 


April 


May 


June 


July 


August 


Septem- 


October 


Novem- 
ber 


Decem- 
ber 


Annual 


1920 _ _ 


0.26 
.32 
.60 
.06 
.22 
.10 
.00 
.38 
.11 
.32 
.60 
.06 
.23 
.54 
.00 
.30 
.40 
.89 
.75 


0.09 
.03 
.12 
.06 
.05 
.13 
.00 

L50 
.58 
.34 
.00 
.29 
.31 
.00 
.61 
.39 
.50 
.02 
.60 


0.18 
.04 
.11 
.01 
.25 
.07 
.19 
.71 
.10 
.16 
.48 
.30 
.03 
.16 
.00 
.42 
.25 
.50 
.70 


0.00 
.06 
.52 
.22 
.00 
.04 
.38 
.17 
.00 
.15 
.95 
.12 
.16 
.15 
.26 
.38 
.00 
.00 
.20 


0.01 
.41 

L37 
.41 
.67 
.02 
.19 
.00 

LU 


0.91 
.61 
.79 
.09 
.00 
.17 
.01 
.75 
.26 
.00 
.22 
.10 
.23 
.00 
.15 
.00 
.40 
.50 
.60 


0.00 
.04 
.29 
.31 
.04 
.20 
.41 

L20 
.63 
.42 

L26 
.47 

2.44 

2.21 
.15 
.40 

2.00 

2.32 
.00 


0.92 

L40 
.25 

2.05 
.10 
.64 
.48 
.57 
.97 
.87 

2.32 
.55 

L88 
.72 
.20 
.32 
.37 
.50 
.50 


0.00 
.00 
.35 
.28 
.26 
.68 
.24 

2.48 
.04 

2.14 
.66 
.56 
.19 
.35 
.00 
.54 
.05 
.55 

L04 


0.59 
.17 
.08 
.08 
.37 

LOO 
.27 
.29 

L66 
.17 
.-31 
.72 
.22 

L25 
.00 
.05 
.74 
.00 
.00 


0.48 
.06 
.31 

L08 
.00 
.04 
.00 
.21 
.54 
.06 
.43 
.65 
.00 
.48 
.10 
.00 
.00 
.00 
.00 


0.40 
.40 
.17 
.90 
.37 
.01 
.53 
.18 
.00 
.02 
.00 
.22 
.55 
.25 
.12 
.80 
.53 

1.03 
.20 


3.84 


1921 

1922 


3.54 
4.96 


1923 


5.46 


1924 


2.33 


1925 . 


3.10 


1926 


2.70 


1927 

1928 


8.36 
6.05 


1929 

1930 




.14 
.26 
.60 
.82 
.65 
.47 
.00 
.52 
.45 


7.27 


1931 


4.30 


1932 


6.83 


1933 

1934 

1935 


6.93 
2.24 
4.07 


1936 

1937 

1938 


5.24 
6.83 
5.04 


NormaL__- 


.33 


.38 


.30 


.24 


.40 


.31 


.55 


.89 


.59 


.53 


.35 


.32 


5.19 



Weather Bureau observations at Hite between 1902 and 1913 

Mean monthly and annual temperature (° F.). 1902-13 



January 


February 


March 


April 


May 


June 


July 


August 


September October 


November 


December 


Annual 


35.7 


42.4 


5L1 


59.2 


68.2 


77.7 


84.2 


82.6 


72.5 


59.7 


47.5 


35.2 ' 


59.7 



Highest and lowest monthly and annua! temperatures (° F.), 1902-13 



66 
1 


81 
6 


86 
18 


94 

28 


104 
35 


111 
40 


115 
44 


110 
51 


104 
39 


91 
29 


76 
19 


76 

-1 


115 
-1 



Average monthly and annual precipitation (inches), 1902-13 



0.66 


0.68 


0.70 


0.36 


0.50 


0.31 


0.49 


0.63 


0.73 


0.75 


0.78 


0.69 


7.28 



The combined data obtained at Hite, Hanksville, and 
Giles, miles west of Hanksville, show the following 



variation of annual rainfall on the plateau. 
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Table 4. — Annual rainfall, in inches, at Giles, Hite, and Hanks- 
ville, 1895-1938 





Altitude 


Year 


Giles 
4,432 ft 


Hite 
3,470 ft 


Hanksville 
4.300 ft 


lS95-_ - 


3.39 
3.96 
10. 10 
3.98 
6.18 

2.25 
3.12 
3.20 
5.68 
5.73 

11.99 
8.24 






1896_. 






1897 






1898 






18Q9 - 






1900 __ _ 






1901 






1902_ _ 


4.40 
3.12 
4.44 

12.36 
9.41 
8.30 
9.33 
8.71 

6.00 
9.43 
6.85 
5.16 




1903 




1904__ 




1905-- - 




1906 




1907 




1908 






1909 -- 






1910 




4.29 


1911 

1912 




5.49 


1913 






1914 




8.77 


1915 






4 87 


1916 _ _ _ 






8.46 


1917 - - 






6.01 


1918 - 






7.64 


1919 






3 ei 


1920 






3.84 


1921_ 






3.54 


1922 _ ._. __ . 






4.96 


1923 _ 






5.46 


1924 






2.33 


1925 






3 10 


1926- 






2.70 


1927 






8.36 


1928 






6.05 


1929 








1930 






7.27 


1931 






4.30 


1932 - 






6 83 


1933 






6.93 


1934 






2.24 


1935 






4.07 


1936 






5.24 


1937 






6.83 


1938 






5 04 











These data are incomplete but they indicate no sig- 
nificant difference in annual rainfall at the three sta- 
tions = Hite is almost 1,000 feet lower than Hanksville 
and Giles but the general surface of the plateau on each 
side of Glen Canyon at Hite is several hundred feet 
higher than the plateau at Hanksville and Giles. 

In the vicinity of Hanksville and Giles the recorded 
annual rainfall has ranged from 2.24 inches to almost 
12 inches during the period 1895-1938. In addition, 
the records show three periods of wet and dry years. 
From 1905 to 1918 the average annual rainfall was 
about 7.30 inches whereas during the periods 1895-1904 
and 1919-1938 the average annual rainfall w^as only 
about 4.75 inches. 

To determine the precipitation gradient between the 
desert plateau and the mountains, rain gages were set 
at several different altitudes between the plateau and 
mountain tops. Standard gages of the Weather Bureau 
were used except that the inner measuring tube was 
removed (fig. 4). To minimize circulation in and out 



Joint sealed with putty 



Reservoir cylinder - 




•Receiver with funnel-shaped 
bottonn 



Screen 



Tube for draining receiver 



FiouRE 4.— Cross-section of rain gage used to make long-range measurements of rain- 
faii lu tbe Henry Ivlountains. A measured quantity of oil, placed in the bottom oi 
the reservoir cylinder, protected the rain w ater against evaporatio n. The receiver 
which fits over and is sealed to the reservoir cylinder, has a funnel shape bottom 
drained by a narrow tube that serves to mininiize circulation in and out of the 
reservoir. A screen is placed in the bottom of the receiver to prevent clogging. 

of the reservoir the opening of the collecting fuimel was 
made smaller by soldering a piece of ji-in. tubing 3 in. 
long to the opening, and to prevent dirt from clogging 
the tube a small screen was placed in the bottom of the 
collecting funnel. Half an inch of light motor oil was 
poured into the reservoir and the receiver and reservoir 
sealed with putty. The rain water therefore collected 
under oil in a reservoir that was airtight except for the 
3 inches of %-m. tubing. The gages were set at the 
beginning of each field season and not visited until the 
close of the season when the contents were measured. 
A gage set at the Trachyte ranch in 1936 and 1938 
retained more rain water than the Hanksville Weather 
Bureau station received and this fact indicates that 
little if any water was lost by evaporation. 

The results of the observations are as follows (fig. 5). 

Measurements of rainfall between Trachyte ranch and ike summit 
of Mount Hillers. 



Gage location 


Apr. 6- 
Sept. 14 

1936 
(inches) 


May 15- 
Aug. 25 

1937 
(inches) 


May 11- 
Oct. 15 

1938 
(inches) 


Trachyte ranch. Alt. 5,100 ft 


2.96 




3.72 


NE U sec. 12, T. 33 S., R. 11 E. Alt. 6,000 ft 




4.60 


R U NW U sec- 2.% T. 33 S., R. 11 E. Alt. 7,016 ft 
N yi NE H sec. 26, T. 33 S., R. 11 E. Alt. 8,250 ft. 
East summit peak of Mount Hillers. Alt. 10.335 ft_ 


7.36 
6.69 


.1.2 
5.21 
4.82 


7.78 
6.62 







Assuming that the observed precipitation gradient 
between the stations applies also during the winter 
months, the annual precipitation at diiGFerent altitudes 
on the northeast side of Mount Hillers can be estimated 



ECONOMIC GEOGRAPHY 



27 



en 7 

UJ 

X 



- 5 



ii 4 

< 
a: 3 





'1 


P-^.^.> 










D^^ 




•••8 










) - 


^'937 








r/ 






* '-' 


-o 


T'^t--" 












i.'* 













5000 6000 



rOOO tJUOU 9000 

ALTITUDE, !N FEET 

A 



10,000 



X 

^ 12 

z 
- 10 

< 

a: 6 



^'^ \ \ \ 

i , , , 

/ 

LA I I \ 

7\ I I \ 



5000 6000 



7000 8000 9000 

ALTITUDE, IN FEET 

B 



! 0,000 



FinuBE 6.— *4. Results of preeipitation measurements at various altitudes on the 
northeast flank of Mount Hiilers during 1936 (5 mo), 1937 (3^^ mo), and 1938 
(5 mo). B. Inferred annual precipitation at various altitudes on the northeast 
flank of Mount Hillers. 

from these data. Estimated on this basis the annual 
precipitation increases from about 6 in. at 5,000 ft to 
15 in. at 7,000 ft and diminishes to about 13 in. at the 
summit, 10,000 ft. Probably the precipitation progres- 
sively diminishes down the windward southwest side 
of the mountain because most of the storms move 
northeasterly from the small area of the peaks. Thus, 
the maximum, precipitation is on the northeast side 
of the mountains and not at the peak. On m^ountains 
that have large areas at high altitudes the maximum 
precipitation would be expected at the high-altitude 
areas. 

Storms are more frequent on Mount Pennell than 
on Mount Hillers and are considerably more frequent 
on Mount Ellen; no doubt these mountains receive 
correspondingly greater rainfall. On the other hand, 
Mount Holmes and Mount Ellsworth seem to receive 
only slightly more rainfall than the surrounding desert. 

A large part of the rainvv^ater that falls on the moun- 
tains or on the plateau is returned alm^ost imm^ediately 
to the atmosphere because a nearly continuous dry 
breeze induces rapid evaporation. Rains are frequently 
seen that fail to reach the ground. 



Winds of gale proportions are developed in the sm^all 
tv/isters that frequent the plateau. These miniature 
tornados throw columns of dust high into the atmos- 
phere where the particles, while slowly descending, 
are carried long distances by the more gentle breezes. 
Whenever these local atmospheric disturbances are 
numerous the atmosphere becomes hazy with fine dust. 

Wind movement and velocity probably increase with 
altitude, and no doubt control the timber line 800 ft 
below the summit of Mount Ellen (fig. 2hA, B). Evap- 
oration of surface water as a result of wind must be 
at a maximum at the summits and decrease dow"ri the 
slopes by virtue of both less Vvind and greater vege- 
tative cover. But the evaporation is increased again 
in the lower part of the foothills as a result of high 
temperature and probably is greatest in the plateau 
where vegetative cover is slight and summer tempera- 



tures are high. 



VEGETATION 



Even the most casual observer traveling in the 
western states can notice that several distinctive com- 
munities of specialized plants may be encountered 
within short distances. Closer observation reveals that 
these plant communities are distributed in an orderly 
w"ay, each recurring at places that duplicate its peculiar 
habitat. Large communities of plants that are con- 
trolled by clim.ate are referred to as plant formations. 
In addition, each plant formation is Gom_posed of 
numerous smaller but distinctive plant communities, 
herein referred to as associations. The botanical dis- 
tinction between ''association^', '^associes^', '^conso- 
cies", and ^*facies'\ is important but can only be made 
by trained botanists. The term ''association'' some- 
times is used loosely to cover all these different types 
of plant communities and is so used in this report. 

Among the principal factors controlling the distribu- 
tion of the associations are local differences in the 
texture, chemxical composition, and moisture of the 
soil. Evidently, mthin any limited arid or semiarid 
region, such as that around the Henry Mountains, the 
distribution of the plant formations is very largely 
controlled by altitude whereas the distribution of the 
associations is very largely controlled by the geology. 

Most of the plant formations of Utah (Shantz, 1925, 
pp. 15-23) are present in the Henry Moutains region. 
Their names and their position in the Merriam (1898) 
classification are as follows: 

Formation Floral zone 

Siibalpine grassland Hudsonian? 

Spruce-fir forest Canadian. 

Western yellow pine forest Transition. 

Pinon-juniper woodland 

Northern desert shrub 

Salt desert shrub 



Upper Sonoran* 
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Plate 3 shows very approximately the distribution of 
these formations and some of the principal plant asso- 
ciations on the Henry ivloun tains and adjoining deserts. 
The following table lists the plants that have been 
identified in the region. The table is based almost 
wholly on a study by the late W. D, Stanton of Brig- 
ham Young University and has been contributed to 
this report by the University's Department of Botany. 
Almost 350 species representing about 75 families have 
been identified. 

Table 5. — Soiiie plmits in the Henry Mountains region and the 

plant formations in which they have been recognized 

[Identifications by ¥/. D. Stanton except as otherwise noted i] 



Botanical name 



Horsetail family : Eqn isetii in 
kansanum. 

Fern family: 

Filix fragilis 

Adiantum capillus-veneris 
Cheilanthus feei 

Selaginella family: Sela.gi- 
nella nuitica. 

Pine family: 

Pinus edidis 

Pin as flexilis 

Pi mis aristata"^ 

Pinus brachyptera 

Pseudotsnga mucronata 

Abies concolor 

Abies lasiocarpa __. 

Picea pun gens 

' Picea engelmanni 



Juniperus utahensis 

Juniperns scopidortim^ 

Juniperus siberica 



Jointfir family; 

Ephedra torreyana 

Ephedra nevadensis 

Ephedra viridis 

Cattail family: Typha lati- 
folia. 

Lily family: 

Allium textile 

Yagnera liliaceae 



Calochortus nutallii 

Calochortus aureus 

Yucca harrintaniae 

Rush, family: 

Juncus brunnescens 

Juncus balticus 

Juncus xiphioides 

Grass family: 

Hilar io jamesii 

Aristida fendleriana 

Stipa letter mani 

Stipa comata intermedia.^ 

Oryzopsis micrantha 

Oryzopsis hymenoides 

Muhlenbergia andina 

Muhlenbergia pungens 

Sporobolus airoides 

Sporobolus contractus 

Polypogon monspeliensis. 

Agrostis palustris 

Trisetum spicatiim 

Sphenopholis obtusata 

See footnotes at end of table. 



Common name 



horsetail. 



bladderf ern ^ 
maidenhair. 

lipf ern 

selaginella 



pmon pine__ 

limber pine 

bristle cone pine. 

yellow pine 

Douglas-fir 

white fir 

subalpine fir 

Colorado spruce 
Engelmann 
spruce. 

Utah juniper 

Colorado juni- 
per, 
mountain juni- 
per. 

Mormon tea 

Mormon tea 

Mormon tea 

caiiail 



wild onion 

false solomon- 
seal. 

mariposa 

mariposa 

yucca 



rush _ 
rush _ 
rush_ 



curly grass, 
needle grass _ 
spear grass, 
spear grass. 



Plant formation 2 



upper 3, 4, 



upper 3, 4 
upper 3, 4, 5 



2 

2 

upper 2, 3 

1 



3, 4 

4, 5 

upper 3, 4 
2,3 

2, 3 

2 
2 

2 



Table 5. Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



Indian ricegrass. 



alkali sacaton_ 
sacaton 



redtop _ 



lower 

lower 
3, 
2, 
4, 
2, 
2, lower 

lower 2 
1 

low^er 2 

2, introduced 

3, introduced 

5, 6 
upper 2, 3 



Botanical name 



Grass family — Continued 
Bouteloua hirsuta 



Phragmites conwiunis.- 

Poa longiligula 

Poa fendleriana 

Poa sandbergii^ 

Poa rupicola 

Poa interior 

Puccinellia nutialliana ^ 

Festuca thurberi 

Festuca ovina 

Festuca brachyphylla 

Bro m us co m m utat us 

Brom us ciliatus 

Brow us porteri 

Agropyron ripariu m 

Agropyron spicatum 

Agropyron tenerum 



Agropyron scribneri 

Hordeum jubatum 

Elymus condensatus 

Sitanion hystrix. 

Distici lis spicata *_ 

Sedge family: 

Scirpus americanus 

Eleocharis palustris 

Carex kelloggii 

Carex festivella 

Carex pestasata 

Orchid family: 

Corallorrhiza multijlora 

Habenaria hyperborea 

Buttercup family : 

Aq a ilegia pa liens 

Aquilegia caerulea 



Atragene pseudoalpina _ 

Thalictriim fendleri 

Delphiniu m occldentale. 

Fanuncidus offinis 

Clematis ligusticifolia - ^ 



Halerpestes cymbalaria 

Aconitum baker i 

Barberry family: 

Odostemon fremontii 

Odostemon repens 

Fumitory family : Capnoides 
montanum. 

Caper family: 

Cleome lutea 

V/islizenia melilotoides 

Mustard family: 

Stanley a arcuata 

Schoenocrambe I inifolia 

Thelypodiu m integrifoli u m . 

Caulanthus procerus 

Streptanthus cordatus . 

Lepidiu m m ontanum 

Dithyrea unslizeni 

Physaria newberryi 

Lesquerella wardii 

Lesquerella intermedia 

Draba aurea 

Turritis glabra . 

Arabis microphylla 

Arabis muttalli 

Cheirinia cheiranthoides ^ _ 

Cheirinia as per a 

Sophia incisa 

Sophia filipes 

See footnotes at end of table. 



Common name 



black gr a ma- 
grass = 

reed 

bluegrass 

mutton grass 

little bluegrass _ 

bluegrass 

bluegrass 



fescue grass, 
fescue grass _ 
fescue grass _ 
Cheat grass. 
bromegrass__ 
bro me grass. _ 



bunehgrass 

slender wheat- 
grass . 



squirreitail grass. 



foxtail grass _ . 
saltgrass 



bulrush _ _ 
spikerush. 

sedge 

sedge 

sedge 



coralroot- 



columbine _ 
Colorado 
umbine. 



col- 



meadowrue 

larkspur 

buttercup 

western virgins- 
bower. 



monkshood- 

hollygrape__ 
holly grape _. 



jew^el flower 

peppergrass___ 
spectacle-nod . 

twinpod 

bladderpod 

bladderpod 

whitlowgrass-- 

rockcress 

rockcress 

rockcress 

blistercress 

blistercress 

tansym.ustard- 
tansy mustard. 



Plant formation 2 



upper 2, 3 

1 

4, 5, 8 

5,6 

5,6 

5,6 

3 

2 

5,6 

5, 6 

5,6 

2,3 

5, 6 

5,6 

up])er 2, 3 

upper 2, 3 

3,4 

5,6 

2 

upper 2, 3 

upper 2, 3, 4 

1 

2 
2 
5 
5 
5 

4 
4,5 

3 

4,5 

5 
4,5 

5 
4,5 

2 

1 
5 

upper 2, 3 

4,5 

4 



2 
2 

2 
3 

upper 2, 3 

4,5 

upper 2, S 

2,3 

2 

upper 2, 3 

5,6 

2,3,4 

5,6 

introduced 

upper 2, 3 

3 

upper 3, 4 

upper 3, 4 

4,5 

2, 3, 4, 5 
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Table 5. — Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



Botaiiicyj name 



Mustard family — Continued 
Arabis drummondii 

Geranium family : Geranium 
richardsonii. 

Flax family: 

Linum leioisii 

Linum aristatnm 

Milkwort. famJly: Pohjnala 
suhspinosa. 

opurge family : 

Chamaesyce fendleri 

Chamaesyce parryi 

Mallow f amJly : 

Sphaeralcea coccinea 

Sphaeralcea marginata"^- 

Violet family: Viola purpu- 
rea. 

Pink family: 

Alsine baicalensis 

Arenaria uintahensis 

Cerastium heeringiahum 

Silene lyalli 

Amaranth family: Amaran- 
thus hyhridus 

Goosefoot family: 

Atriplex corrugnta 

Atriplex cuneata 

Atriplex graciflora 

Atriplex confertifolia 

Atriplex canescens 



Atriplex powellii 

Blitum capital um 

Sal sola pestifer 

Eurotia lanata 

Kochia vesvita 

Salicornia utahensis 

Sarcobatifs verniiculatus 

Chenopodium fremonti 

Chenopodium petiolare 

Chenopodium humile 

Chenopodium leptophyllum 
Dondia nigra 

Four-o'clock family: 

Quamoclidion nmltiflorum 

Allionialinearis 

Abronia sals 

Wedeliella incarnata 

Tamarix f amity: 

Tamarix gallica* 



Common name 



rockcress_ 
geranium^ 



prairie flax_ 

flax 

polygala 



globemallow- - 
desert mallow, 
violet 



chickweed- 
sandwort- _ 



catchfiy__ 
amxaranth_ 



matsaltbush_ 



shadscale 

fourwing salt- 
bush. 



Buckwheat family: 

Rumex siibalpiniis 

Polygonu m raniosissimiini. 
Polygonum sawatchensis... 

t^riogonum puberulum 

Eriogonum inflatum 

Enogonum subalpinum 

Eriogonum cernuum 

Eriogonu m wether allii 

Eriogonum delicatilum 

Eriogonum.. hybrids 

Rose family: 

Opulaster malvaceus 

Sericotheca duinosa. ._ 

Potentilla ovina 

Potentilla filipes 

Potentilla crinita 

Dry mocaihs fissa 

Drymocallis gland ulosa 

Drymocallis micropetala 

Coteogyne ram^osissi ma _ _ _ . 

Fallugia paradoxa 

;5ee footnotes at end of table. 



biite 

Russian thistle 

winter fat 

gray molly 

samphire 

greasewood 

goosefoot 

goosefoob_ 

goosefoot 

goosefoot 

seepwood 



four-o'clock 

umbrella wort- 
sand puffs 



French tamarix 



dock. 



Plant formation ^ 



bottle stopper. __ 



ninebark _ _ 
rockspirea_ 
cinquefoiL. 
cinquef oil _ _ 
cinquefoil-. 



biackbrush 

Apache plume ^ 



,5,6 
4,5 



upper 2, 3, 4, 5 
2 
3 



2,3,4 
2 

2 
2 

4,5 



5,6 
5 
6 

4 

upper 2, 

introduced 

2 
2 
2 
2 
1,2 

1,2 

2 

1, 2 introduced 

2 

2 

1 

1,2 

2 

1,2 

1,2 

1,2 

1 

2 
2 
2 

1,2 

introduced, 1, 
lower 2 

4, 5,6 
2 
5 

2,3 

2 

upper 4, 5 

2,3 
2 
2 
2 

3, 4, 5 

3,4,5 

5,6 

5,6 

5, 6 

5,6 

4, 5 

4,5 

lower 2 

upper 2, lower 3 



Table 5. — Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



Botanical name 


Common name 


Plant formation 3 


Rose family — Continued 
Cercocarpus intricatus 

Cercocarpus ledifolius 

Rub us mdanolasias 

Rosa granuHfera?* 

Rfi'^n welina 


mountain-ma- 
hogany. 

mountain-ma- 
hogany. 

western red rasp- 
berry. 

rose 


3 

upper 3, lower 

4 

4,5 

3 


rose 


4 


Rosa manca 

Purshia tridentata 

Cowania stanshuriana _ 

Cercocarpus montanus 

Apple family : 

Amelanchier alnifolia 

A melanchier utahensis 

rium family: Prunus mel= 
anocarpci - - - 


antelope-brush__ 

cliff rose 

mountain-ma- 
hogany. 

service-berry 

service-berry 

black chokecherry 


4, 5 
3,4 

uppei 2, 3 
upper 3, lower 

upper 3, lower 

4 

upper 3, lower 

4 


Senna family : 

Hnifninn ^pnnin, renens 


2 


Cercis sd?* 


red bud 

lupine 


3 


Pea family: 

Lupinus brevicoulis 

J ji/Tii n }js n,il uncus 


3 


lupine 


5 


Mel Hot us alba 

Melilotus officinalis 

Trifoliu m dasy ph yll um^_-- 

Psoralea stenostachys 

Parosela thompsoniae 

Petalostemon oligophyllus^ 

Astragalus wardii 

Astragalus diversifolins 

Oxyfropis alliflora 

Glycyrrhiza lepidota 

J-fp/lii^nr^j m nfnhense 


white sweetelover 
yellow sweetelo- 
ver. 
clover 


introduced, 3 
introduced, 3 

6 


scurf-pea 

parosela 

prairieclover 

milkveich 

milkvetch 

Iocoweed 

licorice 


2 

lower 2 

3 

2,3 

2,3 

3, 4, 5, 6 
2, 3 




3,4,5 


\ icin n yy) erica no. 


vetch 


4 


Stonecrop family: Seduin 

stenopetalum. 
Saxifrage family : ' 

Heuchera parvifolia 

Heuchera rubescens 

Parnassia family: Parnassia 

parviflora. 
Maple family: 

Acer alabrum 


Sedum 


5,6 


alumroot 

alumroot 


4,5,6 
4, 5 
,3,4 


Rocky Moun- 
tain maple, 
boxelder _ _ _ 

sumac 


4 


Acer inter ius 


3 


Cashew faniily: 


3 


Rhn,s trilohata 


sumac. 


2,3 


Toxicodendron rydbergii — 
Buckthorn family: Ceano- 

thus fendleri. 
Oleaster family : 

Lepargyrea, canadensis 

Lepargyrea rotundifolia 

TiPnnrnnrea aroentea 


poison-ivy 

ceanothus 

russet buffalo- 
berry. 

silver buffalo- 
berry. 


3,4 
upper 3, 4, 5 

4,5 

2,3 

2 


Beech family: 

Quercus gambellii 

Ouercu.s undulala 


Gambel's oak.__ 

sand oak 

water birch 

Fremont cotton- 
wood. 

narrowieaf Cot- 
tonwood. 


3,4 
2 


Birch family: Betula fonti- 

nalis. 
Willov/ family: 

Po T) u lis fr e mo n ti 


3,4 
2 


Populus angustifolia 


upper 2, 3 



See footnotes at end of table. 
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Table 5. — Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



Botanical name 



Common name 



Willow family — Continued 
Populus acuminata 



fopulus tremuloides 

Salix scovleriana 

Salix behhiana perrostrata 
Salix exigua slenophylla^ 

Salix caudata. 

Salix lutea 

Salix sp.* 

Elm family: Celtis douglasii^ _ 

Gooseberry family: 

Ribes cereum 

Ribes montigeum 

Grossularia sp.* 

Evening primrose family: 
Epilobium stramineum _ _ . 
Pachyphyllus marginatus, 

Chylisma pterosperma 

Chaemenerion angustifo 
Hum. 

Anogra pallida 

Oenothera longissima. 



Galplnsia lav andulae folia. . 

Loasa family: Menzelia mul- 
tijiora. 

Cactus familj^: 

Optmtia fragilis 

Opuntia utahensis 

Opuntia polycantha 

Pediocacttis simpsonii 

Echinocereus fendleri 



Mistletoe family : 

Razoumofskya divarinata .. 



juniperi- 



Co- 



Phoradendron 
num. 

Sandalwood family: 
m.andra pallida. 

Shinleaf family: Pyrola se- 
cunda. 

Primrose family: Androsace 
diffusa. 

Olive fam^ily: Fraxinus an- 
omala. 

Gentian family: 

Leucocraspediim utahense.. 
Tessaranthium speciosum^. 

Dogbane family: 

Apocynuni cannabinum 

Amsonia eastwoodiana 

Milkweed family: 

Asclepias labriformis 

Asclepias speciosa 

Phlox family; 

Polemonium pulcherrimum. 

Phlox longifolia .. _ 

Phlox doiiglasii 

Linanth us harknessii 

Gilia aggregata 

Gilia gunnisoni 

Gilia congesta* 

Waterleaf family: 

Phacelia sericea 

Phacelia alpina 

Phacelia corrugata 

Borage fam-ily: 

Lappula floribunda 

Lappula ocddentalis 

Greeneocharis circumscissa. 

Euploca convolvulacea 

See footnotes at end of table. 



smoothbark col- 

tonwood. 
quaking aspen _ 

willow 

beak willow 

willow 

willow 



black willovf 

hackberry 



wax currant. 

currant 

gooseberry, _. 



willow-weed _ 



blooming sally. 



evening- 
rose. 



prim^ 



pricklypear. _ . 
prickly pear. _. 
pricklypear_ _ 



Fendler hedge- 
hog cactus. 

parasite on Pi- 
nusedulis. 

parasite on jun- 
ipers. 

pale comandra _ . 

shinleaf 



Plant formation * 



3,4 

4,5 
4,5 
4,5 
3,4 
3,4 
3,4,5 
lower 2 
2,3 

upper 3, 4, 5, 6 

4,5,6 

3,4 

4,5 
2, 3 
2,3 
4,5 

2,3 
3 

2,3 
2,3 



2.3 
2,3,4 

2,3 
3 
3 



Ringlcleaf ash. 



dogbane, 
amsonia. 



milkweed, 
milkweed. 



phlox ^ 



stickseed. 
stickseed. 



3 
3 
3 
5 
4,5 
2 



2 
4, 5 

5 
2 

2 
2,3 

5,6 
3 
3 
3 
3, 4, 5 
2 



4,5 
4,5 

4,5 

3 

3,4,5 

3 

2 



Table 5. — Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



iiotanical name 



Mint family: 

Madronella parvifolia. 
Moldavica parviilora^ _ 

Marrubium vulgar e 

Nepeta cataria 

_ Poliomintha incana 

Fotato family: 

Nicotiana attenuata 

Solamim nigra 

Figwort family : 

Castilleja confusa 

Castilleja linariaefolis. 



Peducularis ctntr anther a... 

Pentstemon watsoni 

Pentstemon eatoni 

Pentstemon bridgesii 

Pentstemon comarrhenus 

Penstemon palmeri 

fensiemon whippleanus 

Penstemon utahensis 

Bfoomrape family: Thalesia 
fasciculata. 

Plantain family : Plantago 
purs hit. 

Dogwood fam_ily: Comus 
stolenifera. 

Heath family : Arctosta- 
phylos sp.* 

Carrot family: 

Osmorhiza obtusa 

Angelica pinnata 

Pseudocymopterus mon- 
tanus 

Honeysuckle family: 

Sainhucus microbotrys 

Sambucus coerula 

Symphoricarpos vaccinio- 



Aster family: 

Franseria acanthicarpa 

Oxytenia acerosa 

Coleosanthus linifolius 

Grindelia squarrosa 

Grindelia perenni ? * 

Gutierrezia sarothrae 

Chrysopsis viscida 

Solidago trinervata 

Solidago petradoria 

Solidago parryi 

Aplopappus nuttallii 

Chrysothamnus newberryi.. 
Chrysothamnus tortifolius- . 
Chrysothani n us na useos us^. 

Townsendia incana 

Townsendia arizonica 

Laphamia stansburii 

Viguiera multijiora 

Enceliopsis argophylla 

Thelespermum subnudum.. 

Tetradymia glabrata 

Cirsium eatoni 

Hymenopappus tomento- 

sus 

Arnica cordifolia 

Wyethia scabra 

Balsamorhiza sagittata 

Helianthella microcephala^ 

Chaenactis douglasii 

Gaillardia spathulata 

Gaillardia pinnatifida 

Achillea laniilosa 

Senecio accedens 

See footnotes at end of tabJe. 



Common name 



dragonhead. 
Hoarhound. 
catnip 



tobacco 

nightshade. 



painted- cup 

Indian paint 
brush. 

woodbetony 

pentstemon 

pentstemon 

pentstemon 

penstemon 

penstemon 

penstemon 

penstemon 

cancer-root 



plantain., 
dogwood _ 



manzamta. 



Sv/eet root_ 



elder, 
elder. 



snowberry. 
bur-sage 



Plant formation a 



4 

3,4 

introduced, 3 

introduced, 3 

2 



intioduced, 3 

5,6 
upper 2, 3, 4, 5 

3 
3,4 
3,4 

3 
3,4 

2 
5,6 
2,3 

4 

3 
3,4,5 

4 



4 

4,5 



4,5 
4 



snakeweed... 
golden-aster. 

goldenrod 

goldenrod 

goldenrod 



tall rabbitbrush. 



b^lsamroot. 



yarrov/. 



1,2 
2 
3 
2 



^,3 

1,2 

5 

3,4 

5,6 

2,3,4 

3 

3 

1,2 

4 

2,3 

2,3 

5,6 

2 

2 

3 

•4,5 

2 
5 
2 
3 
3 
3 
2 
2 
4,5,6 
5 
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Table 5. — Some plants in the Henry Mountains region and the 
plant formations in which they have been recognized — Continued 



Botanical name 



Aster family — Continued 

Senecio uintahenses 

Senecio amhrosioides ^ 

Erigeron diver gens 

Erigeron suhcanescens 

Erigeron lonchophyllus 

Erigeron eatoni 

Erigeron caespitosus 

Erigeron macranthus 

Erigeron pumilus 

Erigeron arenarioides 

Aster tanacetifoliiis 

Aster cichoriceiis 

Aster leucelene 

Antennaria microphylla 

Leptilon canadense 

Actinea acaulis arizonica. 

Hymenoxys richardsoni 

Helianthus anomalus 

Helianthus annuus ? * 

Artemisia biennis 

Artemisia forwoodii 

Artemisia frigida 



Artemisia ludoviciana 

Artemisia trideniata 

Artemisia spinescens 

Artemisia arbuscula 

Artemisia dracnnculoides - 

Artemisia filifolia 

Artemisia tripartata 

Crepis intermedia 

Leontodon lyratum 

Lygodesm.ia spinosa 

Sonchus asper 

Ptiloria tenuijolia 

Agoseris glauca 

Agoseris taraxacifolia 



uommon name 



fieabane. 



aster 

aster 

aster 

pussy toes _ 



sunflower_ 
sunflower. 



mountain sage- 
brush. 



budsagebrush__ 
low sagebrush- - 



sand sagebrush- 



dandelion, 
sowthistle - 



f'lBXit formation s 



4,5 

5.6 

3; 4 

3 

4,5 

4 

4, 5, 6 

4,5 

3,4 

4 

2 

3 

2 

5,6 

introduced, 3 

3 

3 

2 



3 

2 

3, 4, 5, 6 

3,4,5 

upper 2, 3 

2 

3, 4, 5 

4 

2 

4,5 

3 

4,5,6 

2,3 

3 

2,3 

5,6 

5, 6 



1 Stanton, W. D., a preliTninary study of the flora of the Henry Mountains of 
Utah, Master's Dissertation, Brigham Young University, May 1931. Plants marked 
• identified bv Mrs. A. A. Baker. 

2 1, salt desert shrub; 2, northern desert shrub; 3, juniper pinon woodland; 4, 
yellow pine-Douglas fir zone; 5, spruce fir zone: 6, timberless mountain top. 

Several of the plants listed are poisonous to stock. 
Probably the most destructive plants are the locoweeds 
because they are very widespread. Milkweed was 
common along the washes and flood plains in the west- 
ern part of the area but in 1940 the Civilian Conserva- 
tion Corps undertook to eradicate, or at least curb, this 
plant. Larkspur, m^onkshood, lupine, and chokecherry 
are reputed to be poisonous plants in parts of the West 
(Marsh, 1929, pp. 11-12) and are moderately common 
in the northern three Henry Mountains. Greasewood, 
gambel oak, rabbi thrush, and snake weed are dominant 
plants at many places and may be poisonous to stock if 
fed in excess (Dayton, 1931, pp. 8, 34-36, 163; Marsh, 
1929, pp. 10-11). A plant that grows along the ditches 
at Woodruff Spring resembles the very poisonous water 
hemlock but has not been identified by botanists. 

Many of the plants listed in table 5 are restricted to 
one or another of the plant formations; still others are 
even more restricted and are found only in certain 



associations w"lthin a formation. These associations, 
many of them. dom.inated by a single species, are useful 
guides to the special conditions of water supply, soU 
texture, and soil salinity to which they are adapted. 

The quantity of moisture available for plant growth 
is probably the most important single factor governing 
the distribution of the associations in this region. This 
moisture, available in several forms (Coville, 1893, 
p. 35) , may occur at the surface or as ground water. In 
the deserts around the Henry Mountains perennial 
surface water is found only at certain springs and along 
the Colorado River and its major tributaries. Ground 
water sufliciently near the surface to be available to 
plants generally is restricted to areas that are m-arginal 
to the surface water. Capillary moisture also is avail- 
able and may occur either in a zone above the ground- 
water table or as moisture soaked into the ground by 
rains and withdrawn to the surface by later evaporation. 

Plants growing on the gravel deposits on the pedi- 
ments around the foot of the mountains probably are 
dependent at least partly on capillary moisture above 
the perched ground-water table. The plants in the 
desert must depend wholly on the water that soaks the 
ground during rains and the capillary moisture rcm^ain- 
ing in the ground after rains. Such plants m^ature at 
different sizes in different years for their growing 
seasons depend upon the variable period of available 
moisture. In years of considerable summer rain sun- 
flowers in the Green River Desert may grow many feet 
tall; in dry years they mature when only a foot or 
two tall. 

Soil texture and salinity are other important factors 
governing the distribution of plants in the Henry 
Mountains region. Variations in soil texture under 
such desert climate closely reflect variations in bedrock 
lithology. Extreme types are represented by the m.at 
saltbush association Vvdiich grov/s on the com^pact clay 
soil of the Upper Cretaceous form-ations and the sand 
sage association which grows on the loose sand covering 
the broad areas of Entrada sandstone. Intermediate 
soil types are represented by the blackbrush and the 
shadscale associations. Soil salinity is a major factor 
controlling the distribution of desert plant types, but 
in this area communities of alkali-tolerant plants are 
not extensive. 

SALT DESERT SHRUB FORMATION 

In general the salt desert shrub form.ation grows 
on poorly drained desert areas containing considerable 
soluble salts, but the form^ation includes some associa- 
tions that are characteristic of moist and only slightly 
saline soils. For present purposes all the plant com- 
munities along dry washes below the pinon-juniper 
woodland are included ui the salt desert shrub forma- 
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tion. Six associations of tiie salt desert shrub have 
becPx recogrxized in the Henry Mountains region but 
generally they occupy areas so small that they are 
not shown separately on the map (pi. 3). 

The associations that grow in highly saline soil 
occur in isolated communities, mostly covering less 
than an acre, whereas the associations that grow in 
moderately saline soil are more extensive. These two 
types of associations are found where ground water 
rises to or close to the surface and so they grow near 
most of the desert springs and along many of the allu- 
vial bottoms. They include the most reliable indicators 
of ground water. Other associations growing in only 
slightly saline soil are the most extensive for they line 
even the driest washes of the desert. 

Greasewood association. — This association comprises 
almost pure stands of greasewood (Sarcobatm verraicula- 
tus) and forms some of the most extensive communities 
of the salt desert shrub formation. According to 
Mein-er (1927, pp, 37-38, 41) greasewood habitually 
sends its well-developed taproot to the water table or 
the capillary fringe and in so doing is known to pene- 
trate to depths as great as 57 ft. The soil usually is 
moderately saline, compact silt, but the salt content, 
moisture, and the texture can vary greatly between 
the surface and the deep water table. 

Alluvial fill in valley bottoms is the usual habitat 
of this association. Most of the surface is flat except 
for mounds built by accumulation of wmd-blown debris 
around the plants (seep. 206). The land surface may 
be many feet above the stream channels but the lower 
part of the fill, sealed below by bedrock, contains 
perched ground v/ater that can be reached by the 
greasewood's taproot. Although greasev/ood grovv^s in 
abundance on the old alluvial surfaces in m.ost of the 
desert valleys, the nearly pure stands of greasewood 
that make up this association are not numerous. One 
pure stand is found in the upper part of the dry valley 
distributary of Bull Creek; others are along the dry 
washes tributary to the Muddy River. 

Oreasewood-shadscale association, — Oq most of the 
alluvial plains in the Henry Mountains region the soil 
is intermediate in texture and composition between 
the soils of the greasewood and the shadscale (Atriplex 
confertijolia) associations and the alluvial plains support 
a mixture of the two associations. The soil contains 
sand and clay. Ground water must be available to 
the greasewood. However, judging by observations 
in other regions (Shantz, 1925, p. 20; 1940, pp. 33-36), 
the soil probably contains considerable salts in the 
second or third foot below the surface, around the 
roots of the alkali- tolerant shadscale. Abandoned 
plowed fields in land of this type along Sand Creek 



above Oak Creek have become covered by Kussian 

thistle. 

Samphire association. — The Samphire (Salicornia 
utahensis) association is restricted to very small com- 
mxunities close to the channel of the Muddy River, 
especially belov/ the m.outh of Salt Wash. These 
areas are subject to occasional flooding, their surface 
is usually moist, and their saline content is high. 
In other parts of Utah this plant thrives where the 
salt content is as high as 2.5 percent (Shantz, 1925, 
p. 20). 

Saltgrass association. — Dense plots of saltgrass 
(Distichlis spicata) mostly less than an acre, occur 
where the ground-water table is close to the surface, as 
at or near some of the desert springs or along some 
flood plains. Saltgrass can tolerate as much as 1 per- 
cent salts in the tight, hardpan surface, (Shantz, 1925, 
p. 21) and at most places encrustations of salts occur 
between the plants. The association is usually a reli- 
able indicator of ground v/ater v/ithin a fevv^ foot of 
the surface (Meinzer, 1927, pp. 19-23). 

Alkali sacaton association. — In the deserts around the 
Henry Mountains sacaton grass (Sporobolus airoides) 
does not form pure stands except in very narrow fringes 
around small meadows of saltgrass. Usually the saca- 
ton is mixed with the saltgrass, or grows in isolated 
bunches in other associations of the formation. In 
other regions sacaton grass is an indicator of soil hav- 
ing moderate salt content and ground water within a 
few feet of the surface (Meinzer, 1927, pp. 23-25), but 
in the Henry Mountains regioQ the plant does not 
form large, homogeneous communities, so probably it is 
not a reliable indicator of ground v/ater. 

Eahhithrush association. — Practically all the washes 
in the desert are lined v/ith big rabbitbrush, probably 
Chrysothamus noAiseosus, that grows about 3 ft high. 
With it grow the plants that dominate the other asso- 
ciations of the salt desert shrub. The association 
usually indicates ground w^ater within about 10 ft of 
the surface (Meinzer, 1927, pp. 29-31). 

NORTHEKIN UK8KKT SHRUB FORMATIOIS 

Most of the Henry Mountains region is covered by 
the northern desert shrub formation which grows below 
the juniper-pinon woodland. As the name implies 
this formation is dominated by shrubs; plants 10 ft 
tall are rare, and real trees are practically nonexistent. 
Most of the shrubs are 1-3 ft high and are separated 
by a few feet of bare soil that supports only scattered 
herbaceous plants. 

Except in associations at the ver}^ highest altitudes 
the frost-free period for this formation exceeds 4 months, 
but the annual rainfall in most of the area covered by 
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the formation is only 6 in., so the growing season is kept 
short by dt^ought. 

Five associations of the northern desert shrub have 
been distinguished in the Henry Mountains region. 
These associations, in contrast to those of the salt 
desert shrub, form very extensive plant communities, 
many of them covering thousands of acres, each 
dominated by a single species. 

Sagebrush association. — Sagebrush (Artemesia tri- 
dentata) forms a distinctive association across median 
parts of the gravel-covered pediments between the 
lower edge of the pinon-juniper woodlands and the 
upper edge of the shadscale association. The sage- 
brush crowns rarely touch one another and a few indi- 
viduals are as tall as 4 ft, but whether this reflects 
unfavorable habitat or overgrazing is not known. 
Growing with the sagebrush is blue grarna grass. The 
land surface is well drained, the soil is pervious and 
fairly free of soluble salts. Alm.ost tv/ice as much 
rain falls in the area of this association as in that of 
the other associations of the northern desert shrub. 
In addition, considerable ground water is supplied by 
seepage from the streams that rise m the mountains; 
it moves along the pediment surface at the base of the 
gravel. Where erosion has removed the gravel and 
has exposed extensive areas of shale at the foot of the 
mountains other associations, better adapted to im- 
pervious soil, grow at the lower edge of the woodland. 

The following siu'ubs were observed by Stanton ^ in 
the main belt of the sagebrush association: 



Chrysothamus sp. 
Gutierrizia sp. 



Opuntia frigiles 
Opuntia utahensis 
Ephedra viridis 

Along the stream side he identified the following 
trees and shrubs: 



Populus frewMntii 
Pop III us angustifolia 
Populus acuminata 
Rhus trilohata 
Amelanchier utahensis 
Salix exigua stenophylla 



Salix lutea 
Acer interius 
Thelospermum suhnudum 
Coleosanthus linifolius 
Clematis lig usticifolia 
Stanleya arcuata 



Shadscale association. — A very large proportion of the 
desert around the mountains is covered by the shadscale 
(Atriplex confertifolia) association. Most of the shrubs 
are about 18 in. high and usually they are spaced a few 
feet apart. The other most common plant is curly grass. 
Shadscale is very shallow rooted, so the plant depends 
Qn capillary moisture and the water that soaks the 
ground following rains. The soil contains no great 
amount of soluble salts and is less pervious than in the 
higher, cooler, and wetter sagebrush belt. Several 
different kinds of ground provide favorable habitats for 

B Stanton; W. D., A preliminary study of the flora of the Henry Mountains of Utah, 
Master's dissertation, Brigham Young Univ., May 1931, p. 25. 
210116—53 4 



the shadscale association in the Henry Mountains 
region; they include the lower parts of many of the 
gravel-covered pediments, most stream terraces and 
some dissected flood plains, sandstone dip slopes and 
mesa tops, soil-covered slopes in the canyons and at the 
sides of desert hills, and broad flats in parts of the sandy 
deserts. Considerable modification of the association 
occurs from place to place. On some flood plains, 
where deep ground water is available, the shadscale 
mingles with greasewood. On some sandstone dip 
slopes and mesa tops the single-leaf ash and Mormon 
tea are abundant. Mormon tea and sand sage crowd 
out the shadscale where there is much loose sand in 
the desert. 

The following other shrubs are listed by Stanton ^ as 
common in tliis association: 

Atriplex confertifolia Atriplex gracilijlora 

Atriplex canescens Eurotia lanaia 

Atriplex powellii Gutierrizia sarothrae 

Atriplex cuneata Chrysothamus sp. 

Blackhrush association, — Almost as much of the desert 
is covered by the blackbrush (Coleogyne ramossissima) 
association as by the shadscale. The blackbrush oc- 
cupies sandier ground than does the shadscale, so usu- 
ally, the blackbrush is found in the lower parts of the 
desert, although there are several examples of inversion. 
In terms of plant zones this association is the lowest in 
the Upper Sonoran, for in southern latitudes the black- 
brush occurs vfith the Joshua tree in a zone next above 
the southern desert shrub. 

According to Stanton,^ the most frequent shrubs 
found associated with the blackbrush are: 



Ephedra nevadensis 
Ephedra viridis 
Yucca harrimaniae 



Gutierrizia sarothrae 
Chrysothamus sp. 



Mat saltbush association. — The Upper Cretaceous 
shale formations form extensive areas that have nearly 
impervious soil containing considerable soluble salts, 
and that are nearly devoid of vegetation except for an 
occasional mat saltbush. These areas are barren shale 
flats or badlands, for the mat saltbush is mostly re- 
stricted to the sides of the larger rills and is not abun- 
dant even there. In very wet seasons curly grass and 
species of Eriogonum may become fairly common as- 
sociates of the mat saltbush. Stanton ^ observed that 
gray molly {Kochia vestita) dominates the shale areas 
where the alkah content seems to be less than around 
the mat saltbush. 

Sand sagebrush association, — Sand sagebrush {Arte- 
mesia filifolia) grows abundantly in the very sandy 
parts of the desert, especially in the broad dunal areas 

6 Idem., p. 26. 

7 Idem., p. 24. 
"'Idem., p. 27. 
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where the Entrada sandstone crops out east of the 
mountains. Numerous other shrubs are associated 
with it, various ones of which are locally dominant. 
The surface is hummocky with hillocks of loose sand, 
the soil is very loose and continually shifted by wind, 
and there is no well-defined drainage system. Mois- 
ture for plant growth is available only for a short time 
following rainstorms. Although crowns of neighbor- 
ing plants seldom touch, the plant gTOwth is fairly 
prolific. 

According to Stanton,^ the sand sagebrush is usually 
accompanied by the foUov/ing shrubs: 



Poliomintha incana 
Ephedra torreyana 
Parosala thompsoniae 
Shrubby Eriogonums 



Chrysopsis viscida 
A rteraisia fo r woodi i 
Yucca harrimaniae 



PINON -JUNIPER ^VOODLAND 

A woodland dominated by pinon (Pinus edulis) and 
juniper (Juniperus utahensis) forms a belt around the 
foot of each of the mountains, and extends to the very 
top of Mount Holmes and Mount Ellsworth. Large 
parts of this woodland have dense growths with crowns 
of the dominant trees touching one another; other 
trees are not abundant except along streams. Sage- 
brush is the common shrub ; blue grama is the common 
grass. The plants of this formation extend downward 
along dry washes and streams into the sagebrush 
association and extend upward along dry ridges into 
the yellow pine belt. The lov/est areas of vfoodland 
are composed chiefly of the Utah juniper; the upper 
portion of the woodland is dominated by the pinon 
pine. The highest woodland areas contain the com- 
paratively lacy Rocky Mountain juniper. 

Throughout the woodland the soil is pervious and 
rocky. On the eastern side of the mountains, the 
woodland receives about 15 in. of rainfall annually. 
The temperature range in the woodland, from F 
to 100 F, exceeds that of the other floral zones. 

Several high places in the desert, notably on Taran- 
tula Mesa, the Caineville mesas, and Cedar Mesa 
south of Poison Spring Box Canyon, support junipers 
mixed with plants of the northern desert shrub. On 
the map (pL 3) these places are shown as part of the 
woodland. 

In addition to the pinons and junipers the following 
trees and shrubs are found in the main belt of the 
woodland: ^° 



Stream-side trees and shrubs: 

Quercus gambellii 
Cercocarpus montanus 
Ceanothus fendleri 
Betula fontinalis 
Popuius angustifolia 
Populus acuminata 
Rhus trilohata 



Amelanchier alnifolia 

Amelanchier utahensis 

Acer interius 

Salix candata 

Salix lutea 

Salix exigua stenophylla 



Shrubs found on cliffs and talus slopes: 



Laphamia stansburii 
Ptiloria tenufolia 
Cercocarpus intricatus 
Cercocarpus ledifolia 



Shrubs on dry hillsides: 

Chrysothamus sp. 
Amelanchier utahensis 
Amelanchier alnifolia 
Cedostemon fremontii 
Op untia jragilis 
Opuntia utahensis 
Echinoceraus fendleri 



Lepargyrea rotundifolia 
Rhus utahensis 
8e riotheca d u m osa 
Opulaster maloaceus 



Pediocactus simpsonii 
Artemisia arhuscula 
Gutierrizia sarothrae 
Ephedra viridis 
Yucca harrimaniae 
Cowania stanshuriana 
Purshia tridentata 



« Op. cit., p. 24. 
" Op. cit., p. 29. 



YELLOW PINE FOREST 

Above the pinon-juniper woodland is forest in which 
yellow pine {Finns brachyptera) and Douglas fir (Pseudo- 
tsuga mucronata) are the most conspicuous trees. This 
formation, mostly between altitudes of 7,000 and 10,000 
ft, is found only on the northern three mountains, 
although a very few Douglas fir and bristlecone pine 
grow in the shelter of the summit dikes on the north 
side of the crest of Mount Holmes. Like the pinon- 
juniper woodland this formation receives about 15 in. 
of rainfall annually. Moreover, the humus-rich soil, 
abundant herbs, and undershrubs are conducive to 
retaining much of the rain water. 

Most of the lumber taken from the Henry Mountains 
to supply local needs was obtained in this zone, but 
compared to other yellow pine forests in the south- 
western states, the Henry Mountains contain a meager 
reserve. 

The yellow pine forest consists of several elements. 
There are open stands of the yellow pine and Douglas 
fir, dense groves of aspen, dense — though small — groves 
of white fir and Colorado spruce near streams, nearly^ 
impenetrable stands of mountain mahogany on some 
dry hillsides, small thickets of gambel oak, moderately 
open woods of limber and bristlecone pine, and open 
fields of sagebrush. 



ECONOMIC GEOGRAPHY 



35 



Stanton ^^ lists the following other shrubs and trees 
in this zone: 



Jtmiperus siherica 
Op III aster malvacens 
Seriotheca dumosa 
Cornus stolenifera 
Samhuciis coerula 
Symphoricarpos vaccinoides 
Acer glahrum 
Popidus angustifolia 



Rihes cereum 
Eibes montigeum 
Sal IX Intea 
Betula jontinaies 
Leparigyrea canadensis 
Ceanothus Jendleri 
Prumis melanocarpa 
Amelanchier alnifolia 



In addition, a prostrate manzanita forms a vinelike 
growth at a few places on Mount Pennell and Mount 
HiUers. 

SPRUCE-FIR FOREST 

Next above the zone of yellow pine and extending 
downward into it along streams is a forest dominated by 
Englemann spruce and subalpine fir. These trees form 
dense stands which are interspersed with dense groves 
of aspen. Practically all the spruce-fir stands and many 
of the aspen groves are impenetrable by horses, but the 
individual groves of trees are separated by open 
meadows containing a luxuriant growth of shrubs and 
grasses. These meadovfs probably constitute betv/een 
half and three-fourths the area of this forest association. 
Limber pine grows in the more exposed parts of the 
forest and many trees of this species and of Englemann 
spruce are deformed and stunted along the wind-blasted 
upper timber line. 

Stanton found the following shrubs growing abun- 
dantly in this forest: ^^ 

Rihes cereum Rosa maiica 

Rihes montigeum Ruhus ynelanolasius 

Samhucus microhotrys Juniper us siherica 

SUBALPINE aRASSI^AISTD 

The summit ridge of Mount Ellen and the peak of 
Mount Pennell are at about 11,000 feet altitude and are 
treeless. The growing period may be as short as 70 
days. Rain is considerable but wind is vigorous, so 
the rate of evaporation must be very high. Probably 
wind rather than the short growing season prevents the 
grov/th of trees on the summits because the tops of 
exposed ridges at much lower altitude are similarly 
treeless and fringed by stunted trees that obviously 
have been deformed by wind. 

Two species of currant (Rihes cereum and R. monteg- 
€um) are the only tall-growing shrubs in this formation. 
Locoweeds are abundant, but Stanton ^^ attributes 
this to overgrazing. 

ii Op. clt., p. 31. 
" Op. cit., p. 32. 
" Op. cit., p. 34. 



RANGE USE AND RANGE DETERIORATION 

Few attem.pts have been m_ade to cultivate the land 
supporting the sagebrush association around the foot 
of the Henry Mountains although some of the best 
irrigated and dry farmland in other parts of Utah have 
been developed on sagebrush land (Shantz, 1925, p. 17). 
Most of the ranches near the Henry Mountains are in 
the belt of shadscale. Most of the sagebrush land 
around the foot of the Henry Mountains is very rocky 
and probably this is the reason the ranches were not 
established there. On the other hand, the ranches 
must obtain their water for irrigation from the mxOuntain 
streams and considerable v/ater is v/asted b}^ seepage 
and evaporation in bringing it from the m_ountains 
across the sagebrush belt to the rather distant belt of 
shadscale. 

In general the northern desert shrub and salt desert 
shrub of the region are utilized as winter range whereas 
the forests and subalpine grassland are grazed in sum- 
mertime. At the time of our field work (1935-39) the 
range in the Henry Mountains region had been greatly 
damaged, not only by erosion (see p. 205), but by deteri- 
oration in the type and quantity of forage. In large 
parts of the desert the shrubs were closely trimm^ed and 
stubby; in the mountains, oak brush thickets were 
leafless as high as sheep could reach; and everywhere 
plants like snake weed^ Russian thistle, and needle- 
grass were much more widespread than formerly. 

The change in flora probably has resulted in part 
from overgrazing and in part from recurrent drought. 
The overgrazing was caused not only by too many 
animals but by grazing too early in the spring and by 
crowding stock near watering places. 

Damage to tiie range by other causes has not been 
great. Few range fires have been destructive because 
the vegetation is sparse on the deserts and, on the 
mountains, broad meadov/s separate the groves of tim- 
ber. The largest burned areas are on Mount Ellen; 
one is southwest of Sawmill Basin, another is on the 
north slope of the peak. Logging has been restricted 
to small areas on Mount Ellen and only a few roads or 
trails have been built on any of the mountains, so these 
have not been major factors in damaging the range. 
Prairie dogs have not invaded the region and the other 
rodents probably should not be blamed for more than 
slight damage. 

WILDLIFE 

Wildlife in the Henry Mountains region is not 
abundant, either in individuals or species. Indeed, on 
the hot sandy deserts one may ride such long distances 
without seeing a living creature that a lizard or rabbit 
darting from a nearby bush is startling. 
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Reptiles are the animals most frequently seen in the 
area. Lizards are numerous throughout the plateau; 
the most common are swifts, horned lizards, zebra- 
tailed lizards, and collared lizards. Local people report 
that Gila monsters have been seen along the Colorado 
River as far upstream as the mouth of Ticaboo Creek 
but probably the lizards identified as Gila monsters 
were chuckawallas, which also are large hzards and 
rather common in the lower part of Glen Canyon. 
Only small rattlesnakes have been found in the region 
and even they are not numerous. Several specimens 
of the unusual Grand Canyon rattlesnake, a salmon 
pink species, were seen in the canyons. 

The mammalian life of the plateau is dominated by 
rabbits, mostly jacks, and various rodents, including 
the picturesque but bothersome chipmunks, kangaroo 
rats, and packrats. There are a few coyotes, gray 
foxes, and several bands of wild horses, the latter 
known locally as ''broomtails". In 1946 a small band 
of buffalo ranged on Burr Desert. Mule deer are 
fairly numerous in the mountains. A few mountain 
lions live on the northern three mountains, and a single 
marten vv^as see. A few wild cattle inhabit the rough 



southv/est flank of Mount Pennell during the summer 
and a few mountain sheep live on Mount Holmes and 
Mount Ellsworth. Many beavers live along the Colo- 
rado River and a few badgers have been reported. 

None of the streams in the Henry Mountains is 
large enough for trout. Among the fish in the Colorado 
River are channel cats, bullheads, carp, and suckers. 

The settlement of the region, slight as it is, has 
caused considerable change in the wild life. Mountain 
sheep formerly ranged on Mount Ellen and throughout 
the canyons, but they had become scarce before World 
War L Antelope were abundant in the desert prior to 
1920 but are completely gone from the area now. 
Beaver now live only along the Colorado River but 
form_erly were abundant as far up the Fremont River 
as Caineville; by 1895 they had become scarce. Their 
decline and subsequent disappearance from the trib- 
utary streams is partly due to trapping, and partly 
to changes in water supply brought about by irriga- 
tion and erosion. Reports indicate that a few wolves 
were killed in the Henry Mountains during the early 
days but there seems to be no record of bears in the 
region. 
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INTRODUCTION 

Sedimentary rocks exposed in the Henry Mountains 
region have an aggregate thickness of about 8,000 ft 
and are of Permian, Triassic, Jurassic, Cretaceous, and 
Quaternary age. The Permian and Mesozoic rocks are 
divided into 23 mappable units classed as formations 
or members, of which five are Permian, three are 
Triassic, eight are Jurassic, and seven are Cretaceous. 

More than 80 percent of the pre-Cretaceous rocks 
are of continental origin, for the region v/as m.arginal 
to the main Permian, Triassic, and Jurassic seaways. 
During these three periods the region was a low area, 
apparently a coastal lowland, but only thi^ee brief 
invasions by the marine waters of the main seaways 
are recorded. The Permian sea that lay to the west 
spread into the Henry Mountains region near the close 
of Permian time (indicated by Kaibab limestone), but 
barely extended across the region; the Triassic sea that 
lay to the northwest failed to reach this region; the 
Juj:'assic sea that lay to the north spread southward 
twice (indicated by the Curtis formation and part 
of the Carmel form.ation) to the site of the Henry 
Mountains but neither of these two invasions reached 
the southern part of the region. 

During late Cretaceous time the conditions were 



reversed, at least during that part of the epoch repre- 
sented by the rocks remaining in the region. The sea 
spread westward across this region early in Late 
Cretaceous time, and except for two brief withdrawals, 
as indicated by the Ferron and Emery sandstone 
members of the Mancos shale, the sea persisted over the 
area while 2,000 ft of marine sediments vfere being 
deposited in it. 

Younger rocks, probably partly of late Tertiary 
age but mostly Quaternary, are poorly consolidated 
and relatively thin but widespread. They include 
many classes of deposits, of which nearly a dozen have 
been distinguished and mapped. They are described 
in the chapter on physical geography. 

CONCEALED FORMATIONS 

An unknown thickness of rocks lies between the 
pre-Cambrian crystalline basement and the oldest 
rocks exposed in the Henry MountaiQs region. A 
deep well on the San Rafael Swell, drilled by the 
Standard Oil Co. of California and Continental Oil 
Co., reached the crystalline basement and proved the 
presence of 3,550 ft of stratified rocks beneath the 
base of the Coconino sandstone. The upper half of 
these rocks is believed to be Carboniferous, the lower 
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half is believed to be middle and early Paleozoic (Bass, 
1945). 

The pre-Permian rocks could be much thicker be- 
neath the Henry Mountains structural basin than on the 
San Rafael Swell, if the basin had been a negative area 
at any time during the Paleozoic. There is no evidence 
to bear on this question althougli similar basins in 
v/estem Colorado and the Paradox basin, that extends 
into eastern Utah, were negative areas during part of 
the Paleozoic. 

The Hermosa formation, of Pennsylvanian age, is the 
oldest formation whose presence in the region is reason- 
ably certain. In Cataract Canyon, a short distance 
east of the Henry Mountains region, this form^ation, 



almost 1,500 ft thick, consists of interbedded fossilif- 
erous lim^estone, sandstone, shale, and conglomerate 
(Baker, 1947). The formation is exposed also along 
the San Juan River and was encountered by drilling 
in the San Rafael Swell, north of the Henry Mountains 
region, and in the Circle Cliffs to the west. Probably 
the formation is 1,000 to 1,500 ft thick in the Henry 
Mountains region. 

Overlying the Hermosa formation in Cataract Canyon 
is the Permian(?) Rico formation, which consists of 
interbedded sandstone, shale, siltstone, and limestone, 
and aggregates more than 400 ft in thickness (Baker, 
1947). The formation underlies the east part of the 
region, but it must thin westward and northward 
because it is absent in the San Rafael Swell. 



EXPOSED FORMATIONS 



Generalized sictton of sedimentary rocks exposed in the Henry Mountains region. 



System 



Quaternary. 



Cretaceous. 



Series 



upper Cretaceous. 



Jurassic. 



Upper Jurassic. 



Group, formation, and member 



Thickness 

(feet) 



Lithology 



Alluvium, coUuvium, terrace 
gravel, and talus. 



UncQinorrnity - 

Mesaverde formation. 



Masuk member. 



Emery sandstone member. 



Blue Gate shale member. 



Ferron sandstone member. 



400 



600-800 



198-25? 



1,500 



150-300 



I 



Tununk shale member. 



Dakota sandstone. 
— Unconformity- 
Morrison formation. 



-Unconformity - 



Sandy clay, sand and gravel in alluvium and 
alluvial fans; terrace gravel mostly on 
benches along streams; slope wash and talus. 



Cliff -forming sandstone containing thin inter- 
beds of shale. 



Lenticular sandstone, shale, carbonaceous, 
shale, and shaly limestone. Mostly conti- 
nental in origin, but some is marine. 



Lower 150 ft is massive sandstone. Upper 50 
ft is lenticular sandstone, shale, carbona- 
ceous shale, and coal. 



Shale, blue-gray, marine. 



Lenticular sandstone, shale, carbonaceous 
shale and coal, in upper 50-100 ft. Sand- 
stone and thin beds of shale in lower 90-150 
ft. Lovv^cr part grades eastvvard into 
Tununk shale member. 



525-650 



0-50 



500-600 



Shale, blue-gray, marine; numerous thin beds 
of bentonite. 



Cliff -forming conglomeratic sandstone; locally 
coal-bearing carbonaceous beds lie between 
two beds of sandstone. 



Upper part mostly clay and shale, variegated, 
dominantly green-gray, maroon and mauve; 
lower part mostly sandstone and conglom- 
erate, gray, very lenticular, massive, cross- 
bedded; some thin lenses of limestone; 
gypsum locally abundant at the base; jasper 
and other chart concretions common. 
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Generalized section of sedimentary rocks exposed in the Henry Mountains region — Continued 



System 



Jurassic. 



Upper Jurassic. 



Jurassic (?). 



Upper Triassic. 



Triasslc. 



Lower iriassic. 



Permian. 



Group, formation, and member 



O 

3 



Summerville formation. 



Uurtis formation. 



-Unconformity - 



Entrada sandstone. 



Carmel formation. 

Tjnconf ormity- 

i\avajo sandstone. 



Thickness 
(feet) 



40-250 



0-175 



Lithalogy 



Evenly bedded, reddish-brown sandstone and 
sandy shaie; minor amounts of greenish- 
white sandstone, gypsum and limestone. 



300-700 



100-626 



515-815 



Kayenta formation . 



Wingate sandstone. 
^-Unconformity — 



Chinle formation. 



Irshinarump conglomerate. 



-Unconformity- 



Moenkopi formation including 
Sinbad limestone member. 



— Unconformity- 

Kaibab limestone. 



Coconino sandstone. 



240-320 



2^0-380 



200-855 



Evenly bedded gray sandstone and shaly 
sandstone, glauconitic(?), numerous sili- 
ceous geodes and concretions at some places. 
Local thin basal conglomerate; marine. 



Thick=bcddcd and cross-bedded buff sandstone; 
weathers in rounded forms: thinner bedded 
earthy sandstone to north; forms flat sandy 
areas. 



Thin-bedded red sandstone, shaly sandstone 
and shale; thin limestone and, in northwest 
part of the area, thick beds of gypsum. 



Tan to light-gray, m^assive, cross-bedded sand- 
stone; thin lenses of limestone. 



Red sandstone and shaly sandstone, well- 
bedded; some cross bedding; minor amounts 
of red shale and green clay. 



Ked and buff, cross- bedded sandstone; cliff - 
maker. 



Variegated sandstone, shale, limestone, and 
conglomerate; well-bedded but lenticular 
and intertonguing. 



12-275 



250-700 



0-100 



600- 



Cross-bedded, lenticular sandstone, conglom- 
erate, variegated shale. Much silicified 
"Wood. 



Red and buff sandstone and red shale; some 
limestone. Abundant ripple marks. Well- 
bedded. Massive conglomerate at base. 



White, buff, and light-gray limestone and limy 
sandstone containing siliceous concretions. 



White to buff, massive, cross-bedded sand- 
stone. Base not exposed. 



STRATIGRAPHY OF THE SEDIMENTARY ROCKS 
Generalised section of Permic.n sedimentary rocks exposed in tie eastern part^f^heHernyMor^^ 

Lithology 
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System 



Permian. 



Series 



Group, formation, and member 



White Rim sandstone 
member. 



Organ Rock tongue. 



Cedar Mesa sandstone 
member. 



PERMIAN SYSTEM i^ 

Kocks of Permian age are the oldest exposed rocks in 
the Henry Mountains region. They crop out on the 
crests and flanks of the San Rafaa. Swell and Circle 
Cliffs, along the north and west borders of the Henry 
Mountains structural basin, and in i.he canyons of the 
Dirty Devil and Colorado Rivers alcng the east border 
of the basin (fig. 6). In addition, Permian rocks are 
exposed in small areas near the central parts of the 
domes of Mount HiUers and Mount. Ellsworth. Alto- 
gether the outcrops of the Permian rocks embrace an 
area of about 25 so mi in the Henry Mountains region. 
The base of the Permian is not exposed in the region 
here described but is exposed to ths north in the San 
Rafael Swell and to the east in Cai^aract Canyon and 
has been reached by drilling on the Circle Clitts to the 
west. Probably the total thickneijs of the Permian 
rocks in the Henry Mountains region is about 1,500 ft. 

The Permian rocks on the two sides of the region 
differ markedly in their lithology and present tv/o differ- 
ent sequences of similar age v/hich pass beneath the 
Henry Mountains region, and, in ])art at least, grade 
laterally into one another (fig. 7). To the east, the 
Permian sequence is composed entirely of sandstone 
and red beds of continental origin to which the name 
'^Cutler formation'' is applied. To the north and west 
the Permian sequence consists of continental sandstone 
overlain by sandy, marine limestone and resembles the 
Permian in the Grand Canyon region where the name 
'' Coconino'' is apphed to the sandsitone and the name 
'*Kaibab" is applied to the limestone (Gilluly and 
Reeside, 1928, pp. 03-64). In (Gilbert's report the 

i*In addition to the sections appearing here, detailed stratigraphlc secticus of 
Permian formations from localities within or closely ad jacent to the Henry Mountams 
region have been published as follows: Dake. 1920, pp. 33, 66; Longwell, Miser Moore, 
Bryan, and Paige, 1925, pp. 18, 20, 21, 23; Gilluly- ani Reeside, 1928, p. 85; Gregory 
and Moore, 1931. PP. 41. 42; McKee, 1938, pp. 211-2K-; Gregory, 1938, p. 72; Gregory 
and Anderson, 1939, p. 1837; Baker, 1947. 



Thickness 
(feet) 



0-230 



265-400 



350 



White, massive, cross-bedded sandstone. 
Forms ciiff. 



Red, evenly bedded, micaceous, and shaly 
sandstone. Grades northward into white, 
cross-bedded sandstone like the White Rim 
or Cedar Mesa mem-bers= 



White to light-gray, massive, cross-bedded 
sandstone. Base not exposed. 



Permian beds were referred to as Aubrey sandstone 

(Gilbert, 1877, p. 8). 

EASTERN SEQUENCE 
CUTLER FORMATION 

The Cutler formation, which includes all the Permian 
rocks exposed in the canyons east of the Henry Moun- 
tains, is divided into three members. These members 
and their correlation with other members of the Cutler 
formation to the south in Monument Valley are as 
foUows (Baker and Reeside, 1929, pp. 1436, 1441): 



Eastern part of the Henry Mountains 
region and Cataract Canyon 



Monumerd Valley, sQutheastern Utah, 
and northeastern Arizona 



Cutler formation: 

White Rim sandstone jlloskinnini tongue. 

member [^^ Chelly sandstone member 

Oraan Rock tongue Organ Rock tongue 

Cedar Mesa sandstone | Cedar Mesa sandstone memDer 
member tHalgaito tongue 

The most complete sections of the Cutler exposed in 
the Henry Mountains region are in the canyon of the 
Dirty Devil River about 2 mules above its mouth. 
Two sections of the form^ation, measured along the 
canyon of the Dirty Devil River, are given below. 

Section of the Cutler formation on the south rim of the canyon of 
the Dirty Devil River, half a mile above the junction with the 
Colorado River 
Triassic (Moenkopi formation) at top: Basal conglomerate 

(10 ft±) overlain by maroon sandstone. 
Unconformity. 
Permian: 

Cutler formation: 

White Rim sandstone member: Sandstone, white, 
strongly cross-bedded, locally stained yellow; 
forms sheer, vertical cliff vfithout bedding planes 
or joints; closely resembles Cedar Mesa sandstone 
member 



Total 



Vv hite Rim sandstone member 45 ± 
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1 
At Pleasant Creek 



Northwest side 
of Mt. Ellsworth 




White Rim 
sandstone 
member 



Organ Rock 
tongue 



'-■:->-:i|cedar Mesa 
sandstone 
member 



Cross-bedded 
sandstone 



Evenly bedded 
sandstone 



Sandy limestone 



Fk.hke 6.-8ketch map and diagrammatic sections of Permian formations that are exposed in the Henry Mountains region 



NNW. 

SAN RAFAEL SWELL 



Coconino sandstone 






White Rim sandstone memoer ^-- 



Cedar Mesa sandstone member 




E 



Figure 7.-Diagram showing the stratigraphic relations of Permian formations 



in the San Kafael Swell and upper part of Glen Canyon. 
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Section of the Cutler Jormaiion on the south rim of the canyon of 
the Dirty Devil River, half a mile above the junction with the 
Colorado River — Continued 

Permian — Continued 

Cutier lormatioii — Continued 

Organ Rook tongue: Feet 

1. Sandstone, white, even-bedded; conformably 

and in places gradationally overlain by White 
Rim sandstone member 4 

2. Sandstone, reddish brown, fine grained, in indis- 

tinct beds 5 to 15 ft thick; weathers into 
rounded forms bounded by horizontal bed- 
ding planes and vertical joints 142 

3. Sandstone, white or light-pink, forming 

single massive unit; intertongues with red 
sandstone at base and top; forms distinctive 
unit for miles along canyon walls 41 

4. Sandstone, red, thin-bedded in lower part grad- 

ing to more massive beds in upper part; 
weathers in rounded forms 130 

5. Sandstone, reddish brown, shaly alternating 

with massive sandstone in beds 2 to 5 ft 
thick, which weather into rounded forms 35 

6. Sandstone, reddish-brown, shaly, with a few beds 

of more massive sandstone near top which ex- 
foliate in rounded forms on weathered surfaces. 23 

7. Sandstone, reddish-brov/n, fine-grained; forms 

prominent ledge 2 

8. Shale, reddish-brown, sandy, much-jointed; 

rock disintegrates readily into small angular 
fragments; eroded back to form broad struc- 
tural bench on top of Cedar Mesa sandstone 
member 17 

Total Organ Rock tongue 394 

Cedar Mesa sandstone member: 

1. Sandstone, buff, strongly cross-bedded, massive; 

where dissected, forms maze of bare rock knobs 
and gullies; forms top unit of inner gorge of the 
Dirty Devil River 70 

2. Sandstone, buff, mottled with red; indistinctly 

cross-bedded; contains veins of gypsum filling 
joints; upper part contains abundant nodules 
from size of BBs to pea size 39 

3. Sandstone, buff with red mottling in upper part, 

strongly cross-bedded 36 

4. Sandstone, buii, cross-bedded; locally forms small 

bench 3 

5. Sandstone, buff, even-bedded, massive; abundant 

round cavities, as much as 1 ft in diameter, 
form on weathered surfaces 7 

6. Clay, olive-green 1 

7. Sandstone, white, in places mottled with red, fine- 

grained, cross-bedded 10 

8. Sandstone, yellow; weak 2 

9. Sandstone, buff, fine-grained, cross-bedded in 

units about 2 ft thick ; sand grains well rounded 

and frosted 14 

10. Sandstone, buff, strongly cross-bedded in massive 
layers 10 to 15 ft thick between parallel bedding 
planes; forms lowest unit exposed in canyon 
here 65 + 

Total Cedar Mesa sandstone member exposed. 247 

Total Cutler formation exposed 686 



Section of the Cutler formation on the south wall of the canyon 
of the Dirty Devil River 1 mile helow the mouth of Hatch Canyon 

Triassic (Moenkopi formation) at top: Basal conglomerate (S 

ft) overlain by maroon sandstone. 
Unconformity. 
Permian : 

Cutler lormation: Feet 

White Rim sandstone member: Sandstone, white and 
yellowish- white, strongly cross-bedded, poorly 
cemented; forms one sheer vertical cliff; sand grains 
w^ell-rounded and frosted; average 0.02 in. in size; 
upper part finer grained than lower; cross-bed 
units 3 to 20 ft thick 229 

Total White Rim sandstone member 229 

Organ Rock tongue: 

1. Sandstone, white and red, in intertonguing beds 

3 to 6 ft thick ; fine grained 20 

2. Sandstone, red, fine-grained, massive 13 

3. Sandstone, white, cross-bedded; sharp contact 

at base but gradational into unit 2 by regular 

color change without bedding-plane break 13 

4. Sandstone, red, massive; contains two lenses of 

white sandstone each 1 ft thick 12 

5. Sandstone, white, cross-bedded in upper 42 ft; 

lower 22 ft change from pink, even-bedded 
to white cross-bedded sandstone in 100 ft 
laterally; represents tongue of White Rim 
lithology; same as unit 3 of Organ Rock 
tongue in section at mouth of Dirty Devil 
River 64 

6. Sandstone, red, massive, fine-grained; contains 

thin, lighter-colored lenses locally; grada- 
tional upward into and intertongues with 
unit 5 50 

7. Sandstone, reddish-brov/n, fine-grained, mica- 

ceous; beds of sandstone 2 to 5 ft thick alter- 
nate with more shaly units; gradational con- 
tact with Cedar Mesa sandstone member 
below 93 

Total Organ Rock tongue 265 

Cedar Mesa sandstone member: Sandstone, white, 
strongly cross-bedded in massive units; locally 
stained by oil seeps ; base concealed 15 

Total Permian exposed 509 

Cedar Mesa sandstone member 

The Cedar Mesa sandstone member is exposed in 
the canyon of the Dirty Devil River for a distance of 
9 miles above its mouth and for 2 miles along; the 
Colorado River below the junction. However, not 
more than 350 ft of the member is exposed and prob- 
ably this part is only the upper half of it, because 
farther up the Colorado River, in Cataract Canyon, 
the member is 750 ft tliick (Baker, 1947, pp. 38-39). 
The member is overlain conformably by the Organ 
Rock tongue and, according to Baker, the two inter- 
tongue along Cataract Caiwon, 
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Lithology and thickness. — A typical stratigraphic sec- 
tion of the rneriiber ineasured a quarter of a rnile above 
the mouth of the Dirty Devil River is given above. 
The member consists of strongly cross-bedded sandstone 
that is almost uniformhr light buff ^ except for the upper 
part of the member which is irregularly mottled red. 
The relief on most of the tangential cross beds is be- 
tween 5 and 15 ft, though some have a relief of only 
2 ft. A few beds are not at all cross-bedded but are 
otherwise typical of the member. The sandstone is 
fine-grained, cleanly quartzose and the individual 
grains are rounded, frosted, and just visible to the 
unaided eye. They are weakly cemented by lime and 
easily rubbed loose. 

At some places veins of gypsum, as much as an inch 
thick, follov/ cross bedding or gently inclined joints. 
The surfaces of the weathered sandstone commonly 
are pitted by hemispherical or elliptical cavities that 
range from a few inches to a few feet long and are as 
much as 2 ft deep. Elsewhere the weathered sandstone 
surface is made pimply by small nodular pellets, 0.02 
to 0.20 in. in diameter, that consist of firmly cemented 
sand grains. An 8-in. layer of olive-green clay, 155 
ft below the top of the member, is the only distinctive 
bed in the exposed section. 

Physiographic expression, — These beds form the ver- 
tical walls along the inner gorge of the Dirty Devil River 
and are accessible only hj a long, v/inding, difficult trip 
up or down the canyon on foot, because the walls can- 
not be scaled where the gorge is deepest. The removal 
of the more easily eroded beds of the overlying Organ 
Rock tongue has formed a bench half a mile to 2 miles 
wide on top of the Cedar Mesa sandstone member. 
The bench is covered by a maze of beehive-shaped 
knobs between steep-walled gullies and gorges. Weath- 
ering of the knobs has etched the cross beds and em- 
phasized them. Small isolated flat places between these 
bare rock knobs are mantled by thin, loose, very sandy 
soil, most of which is transported material rather than 
a residual product of weathering. Except for these 
small patches of soil and the alluvium_ along the river 
bottom, the Cedar Mesa sandstone member forms bare 
rock surfaces. 

Mode of deposition. — An eolian origin of the Cedar 
Mesa sandstone member is suggested by the tangential 
and high-angle cross bedding, the rounded and frosted 
sand grains, the poor cementation, the uniform grain 
size, and the general homogeneous character of the 
sandstone. The distinctive olive-green clay bed prob- 
ably represents a small ephemeral-lake deposit. The 
eolian sand seems to have been derived from the north- 
west. Farther east the sand grades into fluviatile red 
beds derived from the east (Baker and Reeside, 1929, 
p. 1425). 



Organ Rock tongue 

The Organ Rock tongue, which conformably overlies 
the Cedar Mesa sandstone member, likewise is exposed 
only in the canyons along the east side of the Henry 
Momitains region. These exposures extend along the 
lower 11 miles of the Dirty Devil River (fig. 85, C) and 
thence for 6 miles down Glen Canyon (fig. 9B). The 
top of the Organ Rock tongue also is exposed in the 
canyon bottom at The Horn, 6 miles below Hite. 

Lithology and thickness, — The lithologic character 
and thickness of the member are well shown by the two 
sections, already given, of the Organ Rock tongue, 
measured in the canyon of the Dirty Devil River. The 
well-bedded red sandstone of this member contrasts 
sharply with the white, massive sandstone members 
above and below. 

Northward along the Dirty Devil River the Organ 
Rock tongue thins from 400 to 265 ft and its upper 
part grades laterally into white or pinkish-white cross- 
bedded sandstone that differs from the overlying White 
Rim sandstone member only in its having a pinkish 
cast and parallel bedding planes, 5 to 20 ft apart. 
At the mouth of Hatch Canyon, where the Organ Rock 
tongue has thinned to 265 ft, only the lower 143 ft 
retain the typical lithologic features of the Organ Rock. 
A similar change seems to take place at the base of the 
Organ Rock by a northward gradation of the lower beds 
into sandstone like the Cedar Mesa. 

It seems certain that somewhere under the Henry 
Mountains structural basin, probably under the east 
flank, the Organ Rock grades laterally westward into 
sandstone like the Cedar Mesa and White Rim and 
that these three members merge into a uniform sand- 
stone unit — the Coconino sandstone (fig. 7). In con- 
formity with this interpretation the persistent, con- 
spicuous bed of vv^hite sandstone near the middle of the 
Organ Rock tongue thins southward. It is 64 ft thick 
at the mouth of Hatch Canyon, 41 ft thick at the mouth 
of the Dirty Devil River, and about 25 ft thick in Glen 
Canyon near the mouth of North Wash. 

Physiographic expression. — The Organ Rock tongue 
forms a series of ledges between the cliffs of the Cedar 
Mesa and White Rim sandstone members. A very 
thin, patchy mantle of sandy soil has accumulated 
on the wider ledges. 

Mode of deposition. — That the sediments in the Or- 
gan Rock were deposited in quiet water is suggested 
by the excellent bedding, absence of much cross bedding, 
and the uniforml}^ fine grain of the sand in the red 
beds. Farther east in Utah the Organ Rock is coarser 
and more arkosic (Baker and Reeside, 1929, p. 1446) 
and seems to be a fluviatile deposit. 
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PiGURE 8.— Canyon views. A, Vtow west arross th« Cdoradio Klvor at tho mouth of Sev^nmlie Canyon, Scale Indicated by boat In mklstrefim nt^ar cenicr of plctnrt, B, View up Dirty Devil River from thf* mouth 
of Hatch Canyon. Two small alt^ove archos tan be seen in the Wlngato sanflstone (Jw). Photograph hy R< L. MBlcr, C, Pormtan formations on the west side of the Dirty Devil River a qu-:irter of a mllo below 
Hatch Canyon, 'i'he bouUler-cappefl pinnacles are on an old landslide. Photograph by R. L, Miller," /), Angit?! Cove, an alc^vo arch near the mouth of Beaver Wash- Scale indicated hy pack horses at the foot of 
the alcove. Photofraph by R, L, Miller, Jlr, Kayenta formation; Jw, Wingate sandstone; *Kc, Chinlo formafion; Tim, Moonkopt formation; Pwr^ Whit© Rim sandstone member and Por, Organ Rock tongue of 
the Cutler formation. 
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FiGiTRE a— Canyon views. Ay Airplane vlf^^v northwest across the Colorado Rivet at the mouth of Trachyte Crock, li typlcfil canyon scene. In the upper Mt are the foothills of Mount TTtilors, Photogrtiph by 
National Park Service, B, View northw(wt across the Colorado Klver just above Handy Crosslng< Tmllan ruins In right foregromicl. d View flown Oicn Canyon from the month of Smith Fork. The gravel 
terrace Is the California Bai-. Jn, Navajo sandstone; Jt, Kayenta form&tiwi; Jw, Wlngate sandstone; Tr, Triassic formations; Pc, Cutter formation (White Elm santUtone member and top of Organ Rock tongue). 
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"Wlilto Rim sandstone member 

The White Rim sandstone member of the Cutler 
formation conformably overhes the Organ Rock ton2:ue 
and is unconformably overlain by the Moenkopi for- 
mation of Triassic age. It crops out along the lower 
€ourse of the Dirty Devil River for a distance of 15 
miles (figs. S B^ C, fmd 9 B) and along the upper end 
of Glen Canyon for a distance of 5 miles. It appears 
again in Glen Canyon at The Horn. 

The Wliite Rim sandstone member in this area 
was originally referred to as the De Chelly sandstone 
(Longwell and others^ 1925, p. 10). It occupies the 
same stratigraphic position in the Cutler form.ation 
as does the lithologically similar De Chelly member 
of the Cutler in Monument Valley but the two members 
are not continuous (Baker and Reeside, 1929, p. 1444; 
Gregory, 1938, pp. 46-47). 

Lithology and thickness. — Lithologically the White 
Rim member is like the Cedar Mesa member except 
that the latter has widely spaced parallel bedding 
planes whereas the Wliite Rim is a single cross-bedded 
unit. Two sections of the White Rim, measured along 
the Dirty Devil River, are given on the preceding 
pages. 

At most places the Organ Rock and White Rim 
beds are separated by a sharp bedding plane but at 
some places where the color changes from red to white 
within a massive sandstone bed the boundary was 
mapped at the next higher bedding plane. Near the 
mouth of Hatch Canyon the upper part of the Organ 
Rock closely resembles the White Rim. The White 
Rim, as mapped in the Henry Mountains region, is 
restricted to the white, cross-bedded sandstone at the 
top of the Cutler formation. 

The White Rim member thickens from south to 
north because the beds in the upper part of the Organ 
Rock tongue grade northward into sandstone of the 
Wliite Rim_ type. At The Horn the White Rim is 
not more than 10 ft thick and at places is absent (fig. 
10), owing to removal by pre-Moenkopi erosion. At 
Hite, the next northern exposure, the White Rim 
is 12 ft thick. From Hite it thickens to 57 ft at the 
mouth of North Wash, 75 ft at the mouth of the Dirty 
Devil River, and to 230 ft at its northernmost exposure 



near the mouth of Hatch Canyon. Taken together 
the Organ Rock and White Rim maintain about the 
same total thickness through the lower part of the 
canyon of the Dirty Devil River; toward the north, the 
White Rim thickens as the Organ Rock thins. 

Physiographic expression. The ^Tiite Rim sand- 
stone member produces a clifi^' that can be climbed at 
few places. Wliere the sandstone is thin, as in the 
upper part of Glen Canyon, it forms a white ledge in 
the midst of red beds, but where it is thick, as in parts 
of the canyon of the Dirty Devil River and in Cataract 
Canyon, it formes a broad bench whose surface is 
spottily m^antled with a thin sandy red soil derived 
largely by wash from the slopes of the Moenkopi 
formation. 

Alode of deposition. — Like the Cedar Mesa sandstone 
member the White Rim is probably an eolian deposit 
derived from the northwest. 

CUTLER FOKMATION UNDIVIDED ON MOUNT HILLERS AND MOUNT 
ELLSWORTH 

High on the west flank of Mount Ellsworth, near 
the stock on that mountain, dense quartzite of probable 
Permian age is exposed amid sills and irregular intru- 
sions. The quartzite is at least 100 ft thick, and the 
individual beds are 5 to 15 ft thick and tangentially 
cross-bedded. It is white or pinkish white, and is 
composed of sand grains averaging about 0.01 in. in 
diameter. At some places limonite-stained concre- 
tions about the size of walnuts are abundant. 

On the south side of Mount Hillers, close to the south 
side of the Mount Hillers stock, similar quartzite is 
interbedded with green hornfels. At least 400 ft of 
these beds is exposed, but the thickness and details 
of the bedding are obscured by the considerable frac- 
turing and numerous irregular intrusions. 

It seems likely that the quartzite on Mount Ells- 
worth represents the W^hite Rim sandstone member 
which presumably has thickened at the expense of the 
upper part of the Organ Rock tongue. The inter- 
bedded quartzite and hornfels on Mount Hillers 
probably represent the Organ Rock where it grades 
into and intertongues with the white sandstone facies. 
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FiGUEE 10.— Diagrammatic section of the Permian-Trlassic unconformity at The Horn. 
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WESTERN SEQUENCE 



COCONINO SANDSTONE 



In the San Rafael Swell and Circle Cliffs the name 
Coconino has been applied to a cross-bedded sandstone 
because its lithologic features and stratigraphic position 
beneath marine, Permian limestone are like the Coco- 
nino sandstone of the Grand Canyon region. But 
because the Coconino sandstone thins from more than 
600 ft in central Arizona to about 57 ft near Lees 
Ferry, to 15 ft at Kanab Creek, and is absent at Kaibab 
Gulch in southern Utah (McKee, 1934, pp. 77-115), it 
may not be continuous with the sandstone bearing the 
same name in southeastern Utah. 

In the north part of the San Rafael Swell the Coconino 
is slightly m.ore than 700 ft thick (Gilluly, 1929, p. 80), 
but only the uppermost 100 ft of the sandstone is ex- 
posed in the part of the Swell embraced in the area 
covered by this report. West of Capitol Reef about 
600 ft of the sandstone is exposed in the canyon of 
Pleasant Creek a mile west of the Floral ranch. A 
well drilled on the Circle Cliffs encountered several 
hundred feet of similar sandstone (Gregory and Moore, 
1931, p. 157). 

The Coconino sandstone of the Henry Mountains 
region consists of tangentially cross-larninated, gray to 
Vv^hite, ffne-grained, quartz sandstone. It is similar 
to the White Rim and Cedar Mesa sandstone members 
of the Cutler formation which thicken, and probabty 
finally merge, westward at the expense of the inter- 
vening Organ Rock tongue. The Coconino sand- 
stone west of the Henry Mountains region and the Cut- 
ler formation to the east thus are believed to be equiva- 
lent and to grade laterally into each other (fig. 6). 



KAIBAB LIMESTONE 



The Kaibab limestone receives its name from Kaibab 
Gulch in south-central Utah near the Utah- Arizona line. 
It has been recognized across an extensive area in 
southern Nevada, central and northern Arizona, and 
southern Utah. The limestone and sandy limestone 
overlying the Coconino sandstone in the Circle Cliffs 
and San Rafael Swell have been correlated with the 
Kaibab (Gilluly and Reeside, 1928, pp. 63-64; Gregory 
and Moore, 1931, pp. 38-45) although some recent 
studies suggest that they are correlative with only 
the upper part of the type Kaibab (McKee, 1938). 

Exposures of the Kaibab limestone in the area 
covered by this report are restricted to the steep fl_anks 
of the San Rafael Swell and Circle Cliffs where the 
sections given below were measured. 



Lithology and thickness. — In both of these areas the 
Kaibab is composed of lim.estone and sandy limestone 
resting conformably on Coconino sandstone. The 
contact between the two formations is gradational as 
though the sand of the upper part of the Coconino had 
been reworked by the advancing Kaibab sea. The 
Kaibab is light gray, but some beds are glistening 
white. It contains numerous chert concretions and 
geodes some of which are hollow and some contain 
cores of asphalt. Marine fossils of Permian age have 
been found in the lorrnation in the San Rafael Swell 
(Gilluly and Reeside, 1928, p. 64). 

The Kaibab Imiestone commonly is 50 to 100 ft 
thick, but it varies greatly in thickness and at least 
part of the variation is due to pre-Triassic erosion. 
The Kaibab limestone is not now present in the Permian 
sequence exposed in the eastern part of the region but 
probably it once extended eastward across the region, 
because in the canyons the basal conglomerate of the 
Moenkopi contains geodes, chert, nodules, and angular 
chert pebbles that probably were derived from Kaibab 
limestone and transported no great distance. 

Section of Kaibab limestone and upper part of the Coconino sand- 
stone along Boulder Canyon in the Ban Rafael Sivell 

Triassic. 

Moenkopi formation at top; red sandstone and shaie over- 
lying 9 ft of beveled strata of the Kaibab limestone over a 
distance of 50 ft horizontally and thinning by overlap against 
nearby hills of Kaibab limestone. 
Unconformity. 
Permian : 

Kaibab limestone: Feet 

1. Limestone, mostly black, some gray; weathers in 

lumps probably because of abundant small limy 
concretions distributed along bedding planes 19 

2. Limestone, black and light-gray; weathers gray; 

in even beds 1 to 3 ft thick; 12 ft below top is a 
3-ft bed containing abundant chert concretions 

with asphalt cores 63 

3= Sandstone, fine-grained, evenly and thinly bedded; 

some beds as thin as }{& inch 11 

Total Kaibab limestone 93 



Coconino sandstone: 

1. Sandstone, light gray, fine-grained, conspicuously 
cross-bedded; nearly pure quartz sand; more 
thinlj^ bedded at top and grades upward into 
Kaibab limestone; exposed 50 

Total Coconino sandstone exposed 60 

Total Permian exposed 143 
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Section of Kaibah limestone along southernmost tributary of Muley 

Twist Canyon near the place where it leaves the Waterpocket Fold 
Triassic : 

Moenkopi formation at top: Basal congiomerate (5 ft) of 
angular fragments of milky-white chert, poorly exposed, 
overlain by thin-bedded, yellow, fine-grained sandstone. 
Unconformity. 
Permian: 

Kaibab limestone : Feet 

1. Limestone, white, light-yellow and gray, glistening 

on unweathered surfaces; contains abundant 
calcite-cemented, concretionary nodules, and 
geodes the size of walnuts lined with calcite 
crystals: in beds 1 to 5 ft thick; weathered sur- 
face is pitted 48 

2. Sandstone, white and light-yellow, calcareous, 

line-grained; in beds up to 5 ft tliick; base not 
exposed 20 

Total Kaibab limestone exposed 68 

Total Permian exposed 68 

Physiographic expression, — Eroded edges of the 
Kaibab limestone form low cliffs back of which are 
benches that slope with the dip. On these benches 
little more than traces of fine-textured soil, derived 
by weathering of the limestone, can be found even in 
crevices and protected depressions; the fine material is 
swept away by wind or water. Some reddish soil has 
accumulated on the flat areas formed by the limestone 
but most of this soil is transported material derived from 
the adjoining slopes of the Moenkopi formation. 

Mode of deposition, — The Pvaibab limestone, as rep- 
resented in the Henry Mountains region, was deposited 
in marine waters that invaded the area from the west 
or southwest. The sea probably extended completely 
across the region but this invasion was only a temporary 
and brief enlargement of the main seaway that lay to 
the west. 

PERMIAN-TKIASSIC UNCONFORMITY 

Throughout the Colorado Plateaus the Permian is 
overlain unconformably by Triassic formations. Lo- 
cally in the eastern part of Utah the unconformity is 
angular and the Triassic formations successively over- 
lap the Cutler, Rico, and Hermosa formations (Baker, 
1933, p. 33; Dane, 1935, p. 43). In the San Rafael 
Swell the Triassic and Permian rocks are structurally 
concordant but at places all of the Kaibab limestone 
is absent owing to an erosional unconformity at its 
top (Gilluly and Reeside, 1928, p. 82). 

In the Henry Mountains region small channels 
eroded into the top of the Permian are abundant and 
the total relief of the surface beneath the unconformity 
is probably 100 ft or more. 

TRIASSIC SYSTEM 

Rocks of Triassic age are exposed in the canyons 
along the east side of the Henry Mountains region, in 



the San Rafael Swell, in the uplifts west of the Capitol 
Reef and Waterpocket Fold, and in narrow belts partly 
encircling the stocks on Mount Ellsworth and Mount 
Hillers (fig. 11). The areal extent of the Triassic out- 
crops is small, about 50 sq mi, because the deep can- 
yons in the eastern part of the area are narrow and 
because the beds are steeply inclined along the west 
flank of the basin and in the Henry Mountains. The 
rocks that are typical of the Triassic in the Colorado 
Plateaus are divided into three formations: the Lower 
Triassic Moenkopi formation, the Upper Triassic 
Shinarum^p conglom.erate, and the Chinle formation. 
In Gilbert's report these rocks were referred to as the 
Shinarump group, but he recognized and described 
the three divisions that are now classed as formations 
(Gilbert, 1877, p. 6). 

Both the Moenkopi and Chinle formations are 
brightly colored and are easily eroded to form color- 
ful and desolate landscapes. The Shinarump con- 
glomerate produces a dark ledge, known locally as the 
Black Ledge, which caps mesas and broad benches. 
The Moenkopi is well known for its abundant, well- 
preserved ripple marks, the Shinarump for its abun- 
dant petrified Vv^ood and deposits of copper and carno- 
tite, and the Chinle for its painted deserts. 

The total thickness of the Triassic formations ranges 
from 800 ft on the southeast side of the region to 1000 
ft on the west and northwest sides of the region. The 
Chinle formation thins northward, but this is more than 
compensated by the northward thickening of the 
Moenkopi formation. 

The following stratigraphic sections are representa- 
tive of the Triassic formations as exposed at various 
places on each side of the region. -- 

Section of Triassic formations along Boulder Canyon in the 

San Rafael Swell 
Jurassic (?). 

Wingate sandstone at ton: Sandstone, massive, cross- 
bedded; forms sheer cliff. 
Unconformity. 
Triassic : 

Chinle formation: ^^^t 

1. Shale, red-brown, lumpy 5 

2. Sandstone, red-brown, platy 20 

3. Sandstone, shale, sandy shale and sandy lime- 

stone; bedding thin throughout but no fissile 
shale; 3 beds of lumpy- weathering, red-brown 
limestone in upper half 156 

Total Chinle formation 181 



IB In addition to the sections appearing here, detailed stratigraphic sections of 
Triassic formations from localities within or closely adjacent to tiie Henry Moun- 
tains structural basin have been published as follows: Emery, 1918, pp. 558» 559, 
563; Longwell and others, 1925, pp. 18-23; Gilluly and Reeside, 1928, pp. 84, 85; Gil- 
luly, 1929, p. 88; Gregory and Moore, 1931, pp. 50, 53, 56; Gregory, 1938, p. 72; Gregory 
and Anderson, 1939, pp. 1835-1841; Baker, 1947. 
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Section of Triassic formations along Boulder Canyon in the 
San Rafael Swell — Continued 

Triassic — Continued 

Shinarump conglomerate: Feet 

1. Sandstone, mostly coarse, platy, strongly cross- 

bedded 23 

2. Shale, lower part purple, upper part green 16 

3. Conglomerate and sandstone, coarse and fine 

grained, massive, cross-bedded; local uncon- 
formity at base 68 

4. Sandstone, limy, platy and cross-bedded; unit 

thins out to knife edges in the distance of 50 ft 
laterally 2 

5. Shale, green 2 

6. Shale, dark purple; weathers in lumps that obscure 

bedding 2 

7. Sandstone, gray, limy 2 

Total Shinarump conglomerate i^„_ 115 



Unconformity . 

Moenkopi formation : 

1. Shale, chocolate, weathers in lumps; obscure bed- 

ding; top few inches weather green; stringers 
of green-weathered shale form crisscross zone 
along joints; thickness of zone variable 6 

2. Sandstone and shale, red, mostly thin bedded, 

but some sandstone beds in lower part a few 
feet thick; ripple marks and small-scale cross bed- 
ding abundant; massive sandstone weathers in 
rounded shapes; thin-bedded sandstone is plaiy_ 423 

3. Sandstone, red, thin-bedded and platy; cross- 

bedded and ripple-marked; grades into unit 4_ _ 25 

4. Sandstone, gray in lower part, red in upper; thick 

bedded, cross-bedded, fine-grained; gray sand- 
stone, weathers buff; many red shale beds less 
than 1 ft thick are present as partings bctw^ecn 
sandstone beds 42 

5. Limestone and limy sandstone, gray, in beds 

about 1 ft thick; sandstone cross-bedded on 
small scale, weathers siabby; limestone 20 ft 
below top is petroliferous and black; 15 ft of 
soft red shale, sandy shale and sandstone at top, 
thin-bedded and lenticular on minute scale; 
Sinbad limestone member; gradational with 
unit 6 55 

6. Limestone, gray, and sandy shale, red, interbed- 

ded; shale fissile, limestone in beds about 10 in. 
thick; bed of green shale and sandstone at top; 
gradational with unit 7 24 

7. Sandstone, shale and sandy shale; tan sandstone 

dominant in lower part, red shale in upper; 
thin-bedded in beds K in. thick or less, fissile; 
sandstone fine-grained, minutely cross-bedded; 
abundant ripple marks; fragments of limestone 
(Kaibab?) in basal bed 108 

Total Moenkopi formation 683 

Total Triassic 979 



Section of Triassic formations along Boulder Canyon in the 
San Rafael Swell — Continued 

Unconformity . 

Permian : 

Kaibab limestone at base: Basal Moenkopi cuts across 9 ft 
of Kaibab sandy limestone in 50 ft horizontally at one 
locality; top surface of Kaibab is irregular erosion surface. 

Section of Shinarump conglomerate and Chinle formation at 
Floral ranch on Pleasant Creek 

Jurassic (?). 

Wingate sandstone at top; Yellow to red, cross-bedded 
sandstone forming cliff; contact with Chinle concealed. 
Unconformity (?). 
Triassic: 

Chinle formation: Feet 

1. Sandstone, brown, friable; slightly more resistant 

than unit 2, locally forms a small ledge capped 

by Wingate sandstone 9 

2. Sandstone, brown and purple, friable, shaly; con- 

tains two beds of light-green limestone, each 1 

ft thick 70 

3. Limestone, light-green, nodular; forms small 

ledge 4 

4. Sandstone, brown, friable, shaly, fine-grained, 

weak 43 

5. Sandstone, gray streaked with brown, cross-bed- 

ded, fine-grained; weathers brown; forms prom- 
inent ledge 39 

6. Sandstone, brown and purple, friable, shaly, weak; 

eroded to form badland topography 41 

7. Limestone, mottled gray and brown, jointed; 

forms minor ledges at base and top with weaker 
shaly limestone between 12 

8. Shale, variegated, but dominantly gray in lower 

part and brown and purple in upper; one local 
sandstone lens contains abundant silicified 
wood; eroded to form badland topography 101 

9. Shale, gray, and five beds of sandstone, each 1 to 

2 ft thick, gray, dense, fine-grained, brown- 
weathering; logs of silicified wood on top of 
each sandstone bed; sandstones form minor 
ledges; shales erode to badland topography 58 



Total Chinle formation. 



Shinarump conglomerate : 

1. Sandstone, buff and gray streaked with brown 

and purple, mediums-grained, poorly cemented, 
poorly rounded quartz grains; bedding irregular 
but only locally cross-bedded; flattened chert 
pebbles up to 1}'2 in. in diameter in some layers; 
silicified wood on topmost surface; contact with 
Chinle obscure and here arbitrarily drawn 

2. Shale, variegated mainly in shades of gray, brown 

and purple; contact with Moenkopi not exposed- 



377 



23 

43 



Total Shinarump conglomerate 66 

Unconformity (?). 

Moenkopi formation: Reddish-brown, even-bedded sand- 
stone and shaly sandstone. 
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Figure U.— Sketch map and diagrarumatio sections of the Triassic formations in the Henry Mountains region. 



Sheer clitt of massive, cross- 
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Seciion of Triassic formations along southernmost xrihutary of 
Mnley Twist Canyon, n.ear where it leaves the Waterpocket 
Fold 
Jurassic (?): 

Wingate sandstone at top: 
bedded sandstone. 
Unconformity. 
Triassic : 

Chinie formation: 

1. Sandstone, brown, weak; shaly in low^er part, more 

massive but friable in upper part; contact with 
Wingate in places sharp, but elsewhere grada- 
tional, due probably to reworking of uppermost 
Chinie and not to continuous sedimentation — 51 

2. Sandstone, red-brown, fine-grained, massive, with 

irregular bedding; contains many small grains 

of greenish shale; forms prominent ledge 20 

3. Sandstone, brown, friable, weak 5 

4. Limestone, green; knobby, irregular bedding; 

much jointed 7 

5. Sandstone, brown, friable, weak 18 

6. Sandstone, brown, medium to coarse-grained, 

cross=bedded; a fev/ beds of limy sandstone near 
base 12 

7. Conglomerate; pebbles of limestone, sandstone, 

chert and jasper up to 1 in. in longest dimen- 
sion in a matrix of medium-grained sand; forms 
prominent ledge; minor unconformity at base. 4:% 

8. Limestone, green and brown, in irregular, knobby 

beds; dense, resistant; contains a few beds of 
weaker sandy limestone, w^hich make slopes 
between ledges 40 



Section of Triassic formations along southerninost tributary of 
Muley Twist Canyon near where it leaves the Waterpocket 
Fold — Continued 

Triassic — Continued 

Chinie formation— Continued ^^^^ 

9 . Limestone, green and brown, clayey / 

Limestone, green and brown, dense 4^ 

Lim_estone, green and brown, slightly clayey, 
weaker than units 5 and 7 17 

Limestone, green and reddish-brown, dense 10 

Limestone, green and brown in mottled and also 
banded patterns, clayey and in part shaly, 
weak 21 

Limestone, green mottled with brown, dense; 
forms ledges ^ 

Sandstone; four color zones in order upward: gray, 
deep brown, gray, Hght brown; earthy; minor 
thicknesses of lavender, magenta, and rose color 
beds; ironstone concretions in some layers 334 

Sandstone, gray in lov/er part, lavender in upper 
part; earthy and in places shaly; fine-grained; 
calcium carbonate cement; weathered and re- 
cemented soil slopes are hard; capped by a bed 
of pebble conglomerate 40 



10. 
11. 

12. 
13. 



14. 



15. 



16. 



Total Chinie formation 594 



Shinarump conglomerate: 

1. Sandstone, white, fme-grained, cross-bedded; 
dense; partly silicified; weathers gray to black 
due to desert varnish 6 



50 



GEOLOGY AND GEOGRAPHY OF THE HENRY MOUNTAINS REGION, UTAH 



Section of Triassic jormaliona along southernmost tributary of 
Muley Timst Canyon near ivhere it leaves the Water pocket 
Fold — Continued 

Triassic — C on t i n u ed 

Shinarump conglomerate — Continued Feet 

2. Sandstone, gray to purple, medium-grained, 
cross-bedded; slabs oil readily along cross-beds 
into layers }i to 14 in. thick; impure and gritty; 
base of formation poorly exposed 5 



Total Shinarump conglomerate 11 



Unconformity. 

Moenkopi formation: 

1. Shale, chocolate-brown; a few beds of shaly sand- 

stone ; abundant ripple marks 1 64/2 

2. Sandstone, light-brown, and shale, chocolate- 

brown, interbedded in layers ^^ to 2 in. thick. _ 6 

3. Sandstone, yellow and light-gray, fine-grained, 

quartzitic; very resistant; weathers brown 4 

4. Sandstone, deep-yellow grading into chocolate- 

brown in upper 10 ft, shaly, poorly exposed 43 

5. Sandstone, yellow, shaly ; a few beds of gray sand- 

stone, a color rarely seen in Moenkopi forma- 
tion ; poorly exposed, f orm_s slopes 67}4 

6. Sandstone, yellow and light-brown, slabby, cross- 

bedded on small scale between parallel bedding 
planes, fine grained; forms shelving ledges 65 

Total Moenkopi formation 349 

Total Triassic 954 

Unconformity. 

Permian : 

Kaibab limestone at base: White and yellow beds of sandy 
limestone; topmost bed is a poorly exposed, much frac- 
tured bed of w^hite chert w^hich may represent basal Moen- 
kopi conglomerate zone of other localities. 

Section of Chinle formation at junction of Sams Mesa Canyon 
and Dirty Devil River 

Jurassic (?): 

Wingate sandstone at top: Cross-bedded red sandstone 
form.ing sheer cliff; lies with a sharp contact, but with- 
out noticeable unconformity on the Chinle. 
Triassic : Feet 

Chinle formation: 

1. Sandstone, light-red, fine-grained, slightly cross- 

bedded, massive; forms series of ledges 70 

2. Sandstone, lavender and brown, shaly, weak; a 

few thin beds of pebbly sandstone; forms slopes 93 

3. Sandstone, gray and brown, medium-grained, 

strongly cross-bedded; contains silicified wood; 
forms ledges 24 

4. Sandstone, lower part brown, middle part gray, 

upper part pink; fine-grained; calcium carbon- 
ate cement; weathered rock on slopes rece- 
mented by calcium carbonate to form hard sur- 
faces 126 



Total Chinle f orm.ation 313 

Shinarum.p conglom.erate: Cross-bedded sandstone forming 
prominent ledge. 



Section of the Moenkopi formation and Shinarump conglomerate 
in Poison Spring Box Canyon^ Iji miles above the mouth 

Triassic: 

Chinle formation at top: Sandstone and sandy shale eroded 
to form badland topography; variegated; contact with 
Shinarump conglomerate conformable. 
Shinarump conglomerate: Feet 

1. Conglomerate, purple and red in lovv^er 10 ft, gray 

in upper part; conglomeratic pebbles are pea- 
size; poorly cemented, cross-bedded; petrified 
wood in top layer; form.s steep slopes difficult 
to scale because of poor cementation of pebbles. 47 

2. Sandstone, gray; contains two 3-ft beds of coarser 

cross-bedded sandstone; weak, easily eroded into 
badland topography 36 

3. Sandstone, white to gray, cross-bedded, medium- 

grained to coarse-grained; forms prom.inent 
ledge 29 

4. Sandstone, white to light-gray, weak, friable; 

largely covered with talus from unit 3 58 

5. Sandstone, buff, fine-grained; contains abundant 

thin veins of jasper, and several beds 3 to 6 in. 
thick of solid red jasper; 1/10 of zone estimated 
to be jasper; thins out westward in 50 yd 0-5 

Total Shinarump conglomerate 175 



Unconformity — basal Shinarump rests on eroded Moenkopi. 
Moenkopi formation: 

1. Shale, reddish-brown, much jointed; deeply 

weathered, with shale leached white along 
joints 23 

2. Sandstone, shaly and shale, sandy; reddish-brown; 

abundant ripple marks 111 

3. Sandstone, buff, massive; forms ledge 8 

4. Sandstone, red, thin-bedded; ripple marks 76 

5. Sandstone, buff, massive; slightly cross-bedded in 

units about 1 ft thick, forms ledge 15 

6. Sandstone, mainly red but some buff, fine-grained; 

minor quantities of chocolate-brown shale inter- 
bedded in lower part 53 

7. Sandstone, gray, fine-grained, massive; weathers 

buff 5 

8. Shale, red, sandv 17 

9. Sandstone, buff, fine-grained, massive; forms 

ledge 11 

10. Shale, red-brown, sandy with a few beds of buff, 

fine-grained sandstone; ripple marks mainly 
confined to buff sandstone beds 12 

11. Sandstone, buff, fine-grained; cross-bedded on 

small scale ; forms prom.inent ledge 8 

12. Sandstone, red, shaly, fine-grained, with a few beds 

of buff sandstone 41 

13. Sandstone, yellow and red; in beds 1 to 6 in. thick; 

abundant ripple marks 23 

14. Conglomerate, consisting of white pebbles of chert 

and limestone up to 2 in. in size in a gray or 
brown, medium-grained sand matrix; a few 
lenses of nonconglomeratic sandstone; rests on 
irregularly eroded surface of White Rim sand- 
stone 32 



Unconformity. 



Total Moenkopi formation 435 
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Section of the Moenhopi formation and Shinarunip conglomerate 

in Poison Spring Box Canyon, lli miles above the mouth — Con. 
Permian : 
White Rim member of Cutler formation: White, 
strongly cross-bedded, medium-grained sandstone, 
forming single sheer cliff 250 ± 

Section of 'Triassic formations half a mile above the mouth of North 

Wash on west canyon wall 
Jurassic (?) : 

Wingate sandstone at top: Vertical cliff of massive, cross- 
bedded sandstone. 
Unconformity. 
Triassic : 

Chinle formation : Feet 

1. Sandstone, green, gray and red-brown, massive; 

weathers in rounded shapes; forms nearly ver- 
tical cliff; several pebble conglomerate beds near 
top, with local unconformities at base of pebbly 
beds; uppermost layers gnarled, and in places 
sheared, are beveled by massive sandstone of 
basal Wingate 90 

2. Sandstone, purplish brown, weak, friable 22 

3. Sandstone, brown, medium-grained, cross-bedded; 

lower part forms prominent ledge 12 

A. Conglomerate, brown, consisting of sandstone and 
shale pebbles up to 1 in. in diameter in a matrix 
of coarse sand; local unconformity at base, in 
places cutting across 6 in. of unit 5 in a few feet 
horizontally 3 

5. Sandstone, brown and gray, weak ; poorly exposed- 88 

6. Sandstone, brown, medium-grained, slabby, 

strongly cross-bedded 3^2 

7. Limestone, w^hite, sandy to dense, pure limestone; 

in beds 1 to 3 ft thick, forming ledges, separated 
by weak, friable gray sandstone forming slopes; 
6 limestone ledges in all; in places limestones are 
silicified; limesCone is most conspicuous, but 
sandstone is dominant in quantity „ . _ 47 

8. Sandstone, gray, fine-grained, poorly cemented; 

forms weak zone; a few large pebbles scattered 
through finer sands 9 

9. Sandstone, brown and green, fine-grained, firmly 

cemented ; forms small ledge 3 

10. Sandstone and shale, weak, poorly exposed, 

roughly divisible into three units 87/2 

Upper part — sandstone, brov/n, fine- 
grained. 
Middle part — shale, purpHsh; breaks into 

angular fragments. 
Lower part — sandstone, light-gray, fri- 
able, gritty; contains pebbles of green 
shale. 

Total Chinle formation 365 

Shinarump conglomerate: 

1. Sandstone, medium-grained, light-gray, cross- 

bedded, massive; forms single, prominent cliff; 
abundant petrified wood on top layer; stained 
black by desert varnish on weathered surfaces 43 

2. Sandstone, gray, yellow and brown, pebbly, weak; 

poorly exposed 134 



Total Shinarump conglomerate 177 



Section of Triassic formations half a mile above the mouth of North 
Wash on west canyon wall — Continued 

Triassic — Continued 
Unconformity. 
Moenkopi formation: Feet 

1. Shale, sandy, red-brown to chocolate-brown with a 

few thin beds of more resistant sandstone 79 

2. Sandstone, red-brown, shaly, capped by a 3-ft bed 

of buff-weathering sandstone; practically no 
chocolate-colored shale 46 

3. Sandstone, red-brown, fine-grained; some shaly 

sandstone and a few thin beds of chocolate- 
colored shale; locally thin beds of well-cemented 
sandstone form small ledges 65 

4. Sandstone, red-brown, fine-grained, in beds 3 in. 

to 1 ft thick separated by beds of chocolate 
shale less than 1 in. thick; miniature cross- 
bedding, ripple marks and rill marks abundant 
in sandstone beds 9 

5. Sandstone, red-brown, fine-grained, massive; forms 

cliff 9 

6. Sandstone, red-brown, in beds G in. to 2 ft thick, 

separated by shale interbeds, chocolate-brown, 
in units up to 2 ft thick, but normally a few 
inches thick; approximately 5 times as much 
sandstone as shale; shale grades laterally into 
sandstone 43 

7. Conglomerate, composed of pebbles averaging 

1 to 2 in. in size in a coarse brown sandy matrix; 
pebbles consist largely of white sandstone, with 
a few chert pebbles; none of these is derived 
from the White Rim sandstone member of the 
Cutler directly beneath; contact Vv'ith White 
Rim sharp but here conformable 2 

Total Moenkopi formation 253 

Total Triassic 795 

Unconformity. 

Permian : 

White Rim sandstone member of Cutler formation: 
Sandstone, v/hite, m.edium.-grained, strongly cross- 
bedded; forms single vertical cliff, without bedding- 
plane breaks 57 

Section of the Shinarump conglomerate and Chinle formation on the 

south wall of Red Canyon half a mile above the junction with the 

Colorado River. 
Jurassic (?): 

Wingate sandstone at top: Red, cross-bedded, sandstone 
forming sheer cliff. 
Unconformity. 
Triassic : 

Chinle f orm.ation : ^^^^ 

1. Sandstone, red-brown, fine-grained; part cross- 

bedded, part even-bedded; two pebbly lenses 
near base; top 2/2 ft softened by pre- Wingate 
weathering; top surface slightly irregular 
erosion surface; forms series of ledges ot a 
single sheer cliff 78 

2. Sandstone (?), brown, shaly, weak; zone very 

poorly exposed 22 

3. Sandstone, red-brown with a few shaly sandstone 

partings; forms cliff 23 
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Section of the Shinariimp conglomerate and Chinle formation on 
the sGUih rvalj of Red Canyon half a mile above the junction with 
the Colorado River — Continued 

Triassio — Continued 

Chinle formation — Continued Feet 

4. Conglomerate and sandstone, red-brown; pebbles 
of fine-grained sandstone from pea size to 4 in. 
in diameter; at point of section ^4 of unit is con- 
glomerate, but nearby no conglomerate at all 

and unit is entirely sandstone 17 

Limestone, green, dense l]^ 

Sandstone, brown, shaly, weak: nearby this iniit 
contains two thin limestone beds 27 

7. Limestone, green, dense, in 3 beds separated by 
partings of brown shaly limestone 6 in. thick 7 

8. Shale, brown with green bands, weak: contains 
several slightly more resistant beds of limy 
shale, each a few inches thick 18^ 

9. Limestone, green lU 

Shale, brown, weak 16 

Sandstone, gray, fine-grained, cross-bedded; in 

places finely laminated in alternating bands of 
brown and gray, each a few millimeters thick; 
forms most prominent cliff between Shinarump 
ledge and Wingate cliff 36 

12. Shale, brown 2H 

13. Limestone, green, dense, resistant; contains silic- 
Itied patches up to half an inch in diameter 
irregularly scattered through bed 2 

Sandstone, gray and brown, weak, in part limy 35 

Sandstone, light-brown, fine-grained with con- 
siderable quantities of interstitial clay; readily 

eroded to form badland topography 76 

Sandstone, gray, friable, weak; readily eroded to 
form badland topography 58 



10. 
IL 



14. 
15. 



16, 



Total, Chinle formation 4^21 



Shinarump conglomerate: 

1. Sandstone, gray, fine-grained, contains pebbly 

lenses which are slightly more resistant than 
the sandstone; logs of petrified wood on top 
surface; forms a nearly vertical clifi' in places, 
but is not conspicuous because no bench is 
developed on top surface ; elsewhere forms steep 
slopes which merge with Chinle slopes 31 

2. Sandstone, gray, medium-grained but with som.e 

conglomerate lenses ; forms minor ledge 4 

3. Shale, gray and lavender; eroded to form badland 

topography 23 

4. Shale^ gray containing beds of fine=graincd sand- 

stone 1 to 2 in. thick which are slightly more 
resistant 6 

5. Shale, lavender in lower part, grading into gray in 

upper part ; eroded to form badland topography _ 43 

6. Shale, gray ; eroded to form badland topography. _ _ 3 

7. Shale, brown; eroded to form badland topography _ 26 

8. Shale, purplish-gray; eroded to form badland 

topography 4 

9. Shale and sandy shale, red-brown; eroded to form 

badland topography 23 

10. Shale, gray with bands of yellov/ and purple; 

erodes into badlands 47 



Section of the Shinarump conglomerate and Chinle formation on 
the south wall of Red Canyon half a mile above the juncton with 
the Colorado River — Continued 

Triassic — Continued 

Shinarump conglomerate — Continued F^f^ 

11. Sandstone, gray, buff and green, medium-grained 
but with pebbly and conglomeratic lenses; con- 
tains thin beds of green clay, plant-stem im- 
pressions, bark impressions, small lenses of 
carbonized wood, and logs of petrified wood; 
sandstone near carbonized wood stained yel- 
lowish-green with vanadinite(?) and carnotite(?) ; 
forms minor ledge 1& 



Total Shinarump conglomerate 226 

Unconformity. 

Moenkopi formation: Brown shale; top surface is ir- 
regular erosion surface; top foot of Moenkopi shale 
is leached to green color by pre-Shinarump weathering. 

LOWER TRIASSIC SERIES 
MOENKOPI FGEMATION 

Lithology and thickness. — The Moenkopi formation^ 
composed largely of red sandstone and shale, is exposed 
along each side of the Henry Mountains region and in 
small areas on the uplifts at Mount Hillers and Mount 
Ellsworth. The formation thins southeastward from 
about 700 ft at Boulder Canyon in the San Rafael Swell, 
to 250-275 ft along Glen Canyon in the vicinity of Hite. 
This southeastward thinning has been observed in ad- 
joining areas too, but far to the south and south- 
west the formation is thicker — 700 ft thick at its 
type locality at Moenkopi Wash in northern Arizona 
(Ward, 1901, pp. 401-403) and 1,200-1,500 ft thick at 
the Muddy Mountains in southern Nevada (Longwell, 
1928, p. 45). 

Regional changes of facies in the formation also are 
expressed within the Henry Mountains region. Along 
the west side of the region and at least as far southwest- 
ward as southern Nevada the lower part of the forma- 
tion contains numerous beds of limestone, but along the 
east side of the region and eastward to Colorado the for- 
mation is composed almost wholly of red clastic sedi- 
ments. 

Marine fossils in the limestone beds of the Moenkopi 
establish its age as Lower Triassic (Gilluly and Reeside, 
1928, p. 66). 

As shown by the measured sections on the preceding 
pages, most of the Moenkopi formation is composed of 
bright red or brown shale and shaly sandstone in persist- 
ent beds an inch to several feet thick. In general the 
thicker beds are the more sandy and cross-bedded. The 
slial}^ sandstone contains abundant ripple marks spaced 
about 2 in. apart. Mud cracks are uncommon. Most 
of the sandstone is fine-grained but at the base of the 



STIlATlGnAPUY OF THE SEDIMENTARY ROCKS 



53 



forTnation at most places there is a eonglomorato con- 
taining pobblps di^rivctl from the older roeks. 

The limestone beds that are in the lower part of the 
formation along tlie nortlnvest and west sides of the 
region are equivalent to the Sinbad limestone member, 
whieh is a conspicuous member farther north in the San 
Rafael Swell (Gilhiix and Reeside, 1928, p. 65). This 
limestone menibca* thins southward and occupies a 
lower stratigraphic position, as if the fonnation were 
overlapping southward against the Permian. It is 140 
ft above the base of the fonnation at Temple Mountain, 
108 to 132 ft above the base at Boulder Creek, and 64 
ft above the base on Pleasant Greek west of Capitol 
Reef. At the last-uiuntul locality the member is 25 ft 
thick and consists of dense, thick-bedded, fossiliferous, 
purplish limestone. 

At Muley Twist Canyon, along the Waterpoeket 
Fold, the Sinbad memb(*r is absent and the Moenkopi 
there is only 349 ft thick. The lower 180 ft art* mostly 
bufF, yellow, and light-gray, evenly beddetl sandstone 
and shaly sandstone whi*reas the upper half is chocolate- 
colored shale abundantly ripple marked. A brecciated, 
milky-white chert at tlit^ base of the formation may 
represent a basal conglomerate^ but it is believed to be 
a weathered and partly crcMlpd cherty l>ed belonging to 
tlK* Kaibab. 

In the canyons on the east side of the region the Sin- 
bad limestone member and the I ight-< colored sandy facies 
in tlie lower half of the formation are absent. There 
the fonnation is mostl^^ red or chocoiate-hrown, sandy 
shale containing an occasional bed of buft', fine-grained 
sandstone, Wlierever the base of the Moenkopi is ex- 
posed in the canyons it rests on the White Rim member 
of the Cutler. At '^Fhe Horn, the south (inmost ex- 
posure of the Moenkopi- Wliite Rim contact, the White 
Rim is only a few^ feet thick. Fartlier south the T\Tiite 
Rim thins out and the Moenkopi probably rests on the 
Orgati Rock tongue under the southern part of the area. 

A thick-bedded conglomerate is at tiie l)ase of the 
formation at most pla(u>s along the canyons. At the 
mouth of Poison Spring Box Canyon the conglomerate 
is massive, 32 ft tiiick, and rests with sliarp emsional 
unconfonnity on the Wliite Rim. The conglomerate 
consists of subangular pebbles of white chert and wliite 
limestone, as much as 2 in. in diameter, in a matrix 
of gray sand. '^Tlie pel)bles seem to have been derived 
from the Kaibab limestone at no great distance. This 
basal conglomerate forms a prominent but almost 
inaccessible ledge as far south as tlie mouth of the 
Dirty Devil River but thins rapidly southward in 
Glen Canyon. It is only 2 ft thick at the mouth of 
North W^ash and ranges from 2 to 20 ft thick in short 
distances at The Horn. 



Overlying this basal conglomerate are evenly bt^dded, 
fine-grained, red sandstone in beds as much as 10 ft 
ttiick, red shaly sandstone and shale in beds a few 
inches thick, and buff sandstone. The buff sandstone 
beds thin and become less numerous southward. Tlie 
louder part of the formation is mostly thick-bedded 
sandstone whereas the upper part is mostly thin-bedded 
sandstone, shaly sandstone^ and shale. 

Phymographu expression, — In the canyon part of the 
area, where the beds have low dips, the Moenlcopi 
formation erodes into rather steep slopes broken by 
ledges form^ed by the more resistant layers. Locally, 
however, small pe<1iment surfaces have been eroded 
on th(^ Moenkopi; the best example is opposite the 
Ticaboo Bar. On the uplifts, along the north and 
wt^sl sides of the region, where the beds dip 20"^ to 30°, 
the Moenkopi erodes into rough, closelv spaced hills 
that have steep sides. Some have smoothly sloping 
tops but broad dip slopes are found at only a few^ places. 
On the upland surfaces may be found an incii or two of 
sandy soil bnt elsewhere, especially on the slopes, the 
formation is practicall\ bare. Stony colliivium con- 
sisting of sand and angular platy stones of all sizes is 
thinly spread across hillsides in the Moenkopi but 
collects at each break in slope and in the shallow 
gullies. Alluvial stream bottoms are moderately wide 
where they cross the Moenl-copi along the canyons and 
on the uplifts. 

Mode of depositiim.^CkiXy the northern part of the 
Henry Mountains region seems to have been covered 
by the Moenkopi sea, which advanced into the area 
from the west and received sediments that apparently 
were derived from the north or east. The marine 
facies of the formation is approximately co-regional 
with the light -yellow^ color of the lower pait of the 
formation. The red and hrown berls seem to be non- 
marine, but theii' deposition in qxiiet, shallow water^ 
probably under arid conditions, is suggested by their 
even l)eddhig, fine grain, abundant oscillation ripple 
marks, gypsum content, occasional mud cracks, and 
lack of fossils. Deposition probably was in shallow 
lagoons and bays tliat were cut off from the sea by 
barrier beaches or other bars- Perhaps the red color 
is due to a reworking of Pennian formations. 



UPPER TEIASSIC SERIES 
SHIN A Kl I M V CO NO LOME RATE 



The Shiiiarump conglomerate is widespread in 
soutlH'rn Utah, northern Arizona, southeastern Nevada, 
and northwestern New^ Mexico, It reprt^sents the 
basal conglomerate of the Upper Triassi<' series and 
lies with erosional imconformity on the Moenkopi 
foiTnation (fig. 12). At some localities in the Moab 



s 




c 
ft 
c 

r 
c 



> 

C 

o 
c 

> 



o 



S3 
g 

o 



?3 

pa 
o 

o 
5: 



^ 



PlGtHE 12,— Views along tlic southeast flank oi the ,^aii Rafaol .Swc*!!. A, Typical exposure of Shinammp conglomerate (thick capping Icdffc) on Moenkopi formatinn a mUc cast of Boulder Canyon. B, Clay beds in 
the upper part of the Morrison formation form badlands. View cast across the Muddy Rivfr a mile below the itwf of thi* San Eafat^l Swell, Geological Survey pack train in the vaUcy. C, View west alone 
ihf unconforn^lty between the Morrison formation and the undcrlyinj? Summurville formation. OypsHerous cfjnglomerato at the base of the Morrison formation fdls channels eroded 50 ft into the evenly 
bedded Summer ville formation. D, Thin beds of Carmel formation resting! on massive Navajo sandstone along the canyon of the Muddy River where It emerjies from the 8an Rafael .Swell, 
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district (Baker, 1933, p. 36) and parts of Grand County, 
Utah (Dane, 1935, p. 51) the unconformity is dis- 
tinctly angular and locally truncates the entire Moen- 
kopi. The conglomerate grades upward into the 
Chinle formation. 

The Shinarump conglom erate is remark ably persist- 
ent; although at a few places it exceedi; 200 ft in 
thickness, it has an average thickness of less than 100 
ft. It is exposed along each side of the Henry Moun- 
tains region and on the uplifts at Mount Hillcrs and 
Mount Ellsworth. 

LifAology and thickness. — Tn this region the Shina- 
rump is composed mostly of coarse- to medium -grained, 
cross-bedded sandstones and smaller quantities of 
conglomerate and of variegated shale. 

The Shinarump is, however, so variable in short 
distances, both horizontally and vertically, that no 
section of the formation is standard for the region. 
At one place in the San Rafael Swell the Shinarump, 40 
ft thick, consists of only two units. The lower of these is 
a 6-f t bed of basal conglomerate containing well-rounded 
pebbles of quartz, sandstone, shale, and jasper, in a 
strongl}^ cross-bedded sand^^ matrix. Overlying this is 
34 ft of silty, yellow, cross-bedded sandstone. Less than 
1,000 ft away the Shinarump is 55 ft thick and con- 
sists of a basal conglomerate containing abundant 
petrified wood, overlain by interbedded sandstone 
and conglomerate in beds a few feet thick. At each of 
these localities the sandstone varies in grain, from 
fine to coarse, and some of it is arkosic. The thickness 
at Muley Twist Canyon in the Waterpocket Fold is 
only 11 ft. 

In the eastern part of the region the Shinarump 
ranges in thickness from 100 to 275 ft and consists 
largety of thick beds of medium-grained, cross-bedded 
sandstone, some of which is well-cemented and resist- 
ant, and some is friable. White, light-yellow, and 
light-gray are the dominant colors of the fresh ledge- 
forming sandstone but the poorly cemented, more 
silty sandstone may be any shade of yellow, red, 
purple, green, or very light gray. Lenses of gravel 
and thin beds of greenish clay and brown shale also 
are present. Desert varnish stains the weathered 
surface of the resistant beds. 

At the mouth of Red Canyon a thin basal sandstone, 
containing plant impressions and carbonized wood, is 
overlain by 178 ft of variegated shale and sandy shale 
forming badlands. Above this shale is a ledge=forming 
sandstone, whose top contains abundant petrified wood. 
The shale which comprises the bulk of the formation is 
extremely slippery when wet and no doubt has contrib- 
uted to the numerous landslides along the adjoining 
parts of Glen Canyon. 

Interesting and striking minor variations occur in 



the Shinarump at many localities. In North Wash a 
coaly lens, 3 ft thick and 15 ft long, occurs in white 
sandstone near the base of the formation. At the 
mouth of Fourmile Creek the weathering of pockets 
of clay in the sandstone has produced a honeycombed 
cliff face. Small vanadium deposits are found locally 
in this part of the Shinarump. 

Horizontal logs of petrified wood are common through- 
out the Shinarump but are most abundant at the top 
of the formation. All of them probably have been 
transported some distance because no stumps or 
upright logs have been found. The largest log observed 
in the Henry Mountains region is 4 ft in diameter, but 
the average diameter is about 6 in. Some of the 
silicified logs are brightly colored but most of them are 
black. 

Physiographic expression. — Almost everywhere the 
Shinarump contains at least one prominent ledge- 
forming sandstone. This bare rock ledge is so per- 
sistent and so consistently exposed that local residents 
refer to it as the * 'Black Ledge," the name being taken 
from the dark desert varnish on the v/eathered surface. 
The Black Ledge forms a pedestal from which the 
Chinle rises in even slopes up to the base of the cliff of 
Wingate sandstone and below which the Moenkopi 
falls away in irregular shelving slopes. At only a few 
places is the bench on top of the Black Ledge more 
than a few hundred feet wide. 

Mode of deposition. — The Shinarump is interpreted 
as a fluviatile deposit because of its irregularly dis- 
tributed conglomeratic layers, tangential and angular 
cross-bedding, lenticularity, abundant transported pe- 
trified logs, and irregular thickness. However, the 
consistent thinness, similar lithologic features and Vvide 
extent of the Shinarump are difficult to explain. The 
streams that are assumed to have deposited the forma- 
tion must have been subject to frequent changes in 
course and to frequent changes in kind of load. The 
source of the sediments is not known. 



CHINLE FORMATION 



The brightly colored Chinle formation, which is 
coextensive with the Shinarump, contains the rocks 
that form the painted deserts and petrified forests of 
northern Arizona. In general the formation thins 
northward. Vertebrate and invertebrate fossils col- 
lected from the Chinle in San Juan Valley and farther 
south are Triassic, and probably Upper Triassic, in 
age (Gregory, 1917, pp. 46-48). 

Lithology and thickness,— Jn the Henry Mountains 
region the Chinle is 855 ft thick at Goodhope in Glen 
Canyon, 570 ft thick at Muley Twist Canyon in the 
Waterpocket Fold, 350 ft thick at Pleasant Creek in 
the Capitol Reef, and about 200 ft thick at the north 



56 



GEOLOGY AND GEOGRAPHY OF THE HENRY MOUNTAINS REGION, UTAH 



end of tiie region (iig. 11). Irregular} j bedcleci sand- 
stone, sandy shale, conglomerate, and limestone make 
up most of the formation. The lowermost beds of the 
Chinle are interbedded with, and gradational into, the 
upper part of the Shinarump, so the contact between 
the two formations is arbitrary. The Chinle consists 
of lenticular sandstone, calcareous sandstone, clay 
shale, limestone and conglomerate. The colors are 
variegated — white, gray, yellow, green, red, purple and 
brown. At most places the lower part of the formation 
is more vividly colored than the upper part. 

A rough threefold division of the formation is 
recognizable in most of the canyon area. The lower 
part is composed largely of variegated, irregularly 
bedded, localb/ cross-laminated, fine-grained sandstone. 
The middle part, comprising about half of the forma- 
tion, contains friable sandstone interbedded with purple 
or brown resistant nodular limestone in ledge-forming 
beds 1 to 10 ft thick. The upper part of the formation 
contains pebbly, massive, strongly cross-bedded sand- 
stone interbedded with finer-gi^ained sandstone that 
resembles the sandstone in the lower part of the 
formation. 

In the canyon area and elsewhere minor amounts of 
shale are present throughout the formation, and locally 
intraformational conglomerate occurs in both the sand- 
stone and the limestone. There are a iew beds of con- 
glomerate, consisting of pebbles or cobbles of fine- 
grained sandstone, quartz, limestone and ironstone in 
a sandy or pebbly matrix. The largest cobble observed 
is 9 in. in diameter. Minor erosional unconformities 
or diastems are numerous. Usually they are found 
beneath zones of coarse sandstone or conglomerate, 
but also withm the beds of fine-grained sandstone in 
the lower part of the formation. 

Many of the coarse sandstone beds in the Chinle 
closely resemble the Shinarump. 

Petrified Vy^ood is moderately abundant in the Chinle 
near the Floral ranch and at the mouth of Sam.s Mesa 
Canyon, but these occurrences are exceptional in the 
Henry Mountains region, and no other fossil remains 
were found. 

At the top of the Chinle is an erosional unconformity, 
although the amount of erosion seems to have been 
slight. At several localities the base of the Wingate 
sandstone truncates a few inches or even a few feet ol 
Chinle beds. At Red Canyon the top 2}i ft of Chinle 
is leached of its color presumably as the result of pre- 
Wingate weathering. On the Vv^est side of Mount 
Ellsworth mud cracks in the top layers of the Chinle 
are filled by sandstone belonging to the Wingate. 
The wedges of sandstone in the mud cracks project 
downward as much as 7 in., and the cracks in the 
Chinle can be traced downward as much as 3 ft. At 



one place near Muley Tv/ist Canyon the Chinle appears 
to grade into Wingate, but a few feet away the two 
formations are separated by a sharp contact. Probably 
the apparent gradation is due to local reworking of 
weathered Chinle sandstone during deposition of basal 
sands of the Wingate. 

Physiographic expression, — In the Henry Mountains 
region the Chinle forms steep smooth slopes that rise 
from the Black Ledge of the Shinarump conglomerate 
to the base of the cliffs of wingate sandstone (fig. 9^) . 
The slopes have hard surfaces that are more or less 
mantled by debris from the cliffs above. 

Alode of deposition. — The sandstone and conglom- 
erate in the Chinle are in part of fluviatile origin. The 
limestone probably represents fresh -water lacustrine 
deposition; it is nodular, locally conglomeratic, contains 
no marine fossils, and in other areas similar limestone 
in the Chinle has yielded fresh-water fossils. 

JURASSIC AND JURASSIC (?) ROCKS 

In areal extent, in number of formations, and in 
stratigraphic variety, rocks of Jurassic and doubtful 
Jurassic age are dominant over those of any other 
system in the Henry Mountains region. They are the 
surface rocks in more than half of the region. They 
are about 3,000 ft thick, are composed almost wholly 
of continental sandstone, v/ith only minor amounts of 
shale, Irtnestone, conglomerate, and gypsum. Of the 
eight formations that constitute the Jurassic and 
doubtful Jurassic section, the Wingate, Kayenta, and 
Navajo formations constitute the Glen Canyon group; 
the next younger formations, the Carmel, Entrada, 
Curtis, and Summerville constitute the San Rafael 
group; the youngest formation is the Morrison. 

JURASSIC (?) SYSTEM 

GLEN CANYON GROUP 

The three formations of the Glen Canyon group form 
the cliff walls through Glen Canyon, and they form the 
Reef of San Rafael Swell, the Waterpocket Fold, and the 
Capitol Reef. Everywhere these formations produce 
a region of rugged grandeur, with nearly vertical 
cliffs, steep bare rock slopes, and deep canyons. The 
total thickness of the Glen Canyon group in the Henry 
Mountains region ranges from 1,200 to 1,400 ft. 

No diagnostic fossils have been found in the group 
nor have important regional unconformities been 
found Vrdthin it or at the base or top. Baker, Dane, 
and Reeside (1936, p. 55) have summarized the evidence 
bearing on the age of the group and have concluded 
that accurate dating is not warranted, so it is referred 
doubtfully to the Jurassic. 

The Henry Mountains region is practically at the 



ISTKATiGKAPHY OF THE SEDIMENTARY ROCKS 



57 




1 

At Boulder Canyon 



At Muley Twist 
Canyon 



West slope of 
Mt. Ellsworth 



Vertical scale 
Feet 
lOOOS 



500'- 



o'J 



Navajo 
sandstone 



Kayenta 
formation 



Wingate 
sandstone 



Navajo 
sandstone 



i^^f^^^ 



Kayenta 
fornfiation 



Wingate 
sandstone 



EXPLANATION 



Navajo 
sandstone 



Kayenta 
formation 



Wingate 
sandstone 



Evenly bedded 
sandstone 
Figure 13.— Sketch map and diagrammatic sections of the Glen Canyon group in the Heniy Mountains region. 



Massive cross-bedded 
sandstone 



center of the depositional basins of the Glen Canyon 
group (Baker, Dane, and Keeside, 1936, figs. 8, 9, 10). 
Some general variations in these formations in the 
Henry Mountains region are illustrated in figure 13 
and the following stratigraphic sections show their 
principal lithologic features. In addition to the sections 
appearing here, stratigraphic sections of formations 
of the Glen Canyon group from localities within or 
closely adjacent to the Henry Mountains region have 
heen published as follows: Emery, 1918, p. 466; 
Longwelland others, 1925, pp. 18, 19, 21, 22; Gilluly 
tind Rccside, 1928, p. 84; Gregory and Anderson, 
1939, pp. 1837, 1840, 1842, 1843; Baker 1947. 

Section of the Glen Canyon group along the Muddy River at the 

Reef of the San Rafael Swell 
Jurassic: 

Carmel formation of San Rafael group: Interbedded sandstone, 
shale, and limestone with gypsum and salt in upper part. 
Jurassic (?): 

Glen Canyon group: 

Navajo sandstone: Feet 

1. Sandstone, white, massive; top 10 ft bedded; 

eroded into bare rock knobs 155 

2. Sandstone, massive; eroded into knobs 144 



Fed 



200 



Section of the Glen Canyon group along the Muddy River at the 
Reef of the San Rafael Swell — Continued 

Jurassic (?) — Continued 

Glen Canyon group — Continued 
Navajo sandstone — Continued 

3, Sandstone, massive, cross-bedded; parallel 

bedding planes spaced 25-50 ft apart 

4, Sa.ndstone, red and white interbedded, in 

laminae one-fourth of an inch thick; bed- 
ding locally crumpled 

5. Sandstone, massive, cross-bedded at angles 

as much as 30° 

6. Sandstone, normal bedding 

?. Sandstone, massive, cross-bedded at angles 

as much as 30° 



8. Sandstone, massive, cross-bedded at angles 

as much as 30° 

9. Sandstone, red and white interbedded, in 

laminae one-fourth of an inch thick; bed- 
ding locally crumpled 

10. Sandstone, buii, medium-grained in beds that 
are horizontal or nearly so 



42 
4 

90 

12 



16 



Total Navajo sandstone 674 
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Section of the Glen Canyon group along the Muddy River at the 

Reef of the San Rafael Swell — Continued 
Jurassic (?) — Continued 

Glen Canyon group — Continued 

Kayenta formation: Feet 

1. Sandstone, light-gray, massive, in beds as 

much as 10 ft thick with a few thin platy 
beds, micaceous along the bedding planes; 
nearby, however, this unit is identical with 
unit 10 of the Navajo formation above; 
therefore, this unit forms a transition zone 
which in some places closely resembles 
Kayenta, elsewhere would be mapped as 
iNavajo 56 

2. Sandstone, light-gray, m_assive, in beds as 

much as 10 ft thick with a few thin platy 
beds, micaceous along the bedding planes; 
in upper 50 ft several lenses of red shale, 
each about 3 ft thick and less than 50 
ft long 136 

3. Limestone (?), sandy, buff; contains rounded 

masses of sandstone and red shale about half 

an inch in diameter 5 

4. Sandstone, light-gray, massive, in beds as much 

as 10 ft thick, with a few thin platy beds, 
micaceous along bedding planes; cross 
bedding at low angles only; beds very len- 
ticular; platy beds fine-grained, thicker beds 
are medium-grained and coarse-grained; 
contact with Wingate sandstone is sharp, 
in places horizontally bedded Kayenta 
sandstone fills channels cut in cross-bedded 
Wingate sandstone 125 

Total Kayenta formation 322 

Local unconformity. - 

Wingate sandstone: 

1. Sandstone, cross-bedded, vv-eathers buff; cross 

beds truncated at top; become tangential to 
horizontal bedding planes below; horizontal 
bedding planes are locally present but 
individual ones not persistent 24 

2. Sandstone, cross-bedded in one massive unit 40 

3. Sandstone, cross-bedded except for 10 ft at 

top 70 

4. Sandstone, cross-bedded; similar to units 1 

and 5 120 

5. Sandstone, light-gray, weathers buff; upper 

part red; fine to medium grain size; cross- 
bedded; sharp contact with unit 6; unit 5 
forms base of Wingate cliff, extending from, 
here to top of formation 44 

6. Shale, chocolate, sandy, interbedded with 

white sandstone ; grades into unit 7 Q}i 

7. Sandstone, buff, fine-grained, locally con- 

taining pebbles one-sixteenth inch in diam- 
eter; contact with Chinle irregular in zone 
a few inches thick 1}^ 

Total Wingate sandstone 300 

Total Glen Canyon group 1,296 

Unconformity. 
Triassic : 

Chinle form_ation: Gray, red and purple sandstone 
and shale. 



Section of the Glen Canyon group along the Burr Trail through the 
Reef of the Waterpocket Fold 

Jurassic : 

Carmel form.ation of San Rafael group: Red sandstone and 
shale. 
Jurassic (?) : 

Glen Canyon group: 

Navajo sandstone: Feet 

1. Sandstone, white, cross-bedded, fine-grained, 8 

2. Sandstone, yellow; weathers brown to black; 

contains indistinct ripple marks; forms 
prominent dark-colored layer vv'hich is al- 
most everywhere present near the top of the 
formation ^ 7 

3. Sandstone, white, cross-bedded; contains sev- 

eral bands of parallel-bedded red sandstone, 

each 2 ft thick ^^ 91 

4. Sandstone, white, medium-grained, cross- 

bedded in units 5 to 20 ft thick; weathers 
white or light-yellow; cross bedding very 
prominent on weathered surfaces 351 

5. Sandstone, light-purple, limy, lenticular; 

forms a conspicuous bed but very local in 

extent 3 

6. Sandstone, v»'hitc, strongly cross-bcddcd, medi- 

um-grained (0.01 in. in diameter); sand 
grains of pure quartz, well-rounded and 
frosted; cross-bedded units 5 to 20 ft thick; 
local layers weather yellow in parallel bands 
or laminae 346 

7. Sandstone, white, fine-grained, in parallel beds 

2 to 3 ft thick 10 

Total Na vaj o sandstone 816 



Kayenta formation : 

1. Sandstone, reddish-purple, shaly, weak; disin- 

tegrates readily to sandy soil; contact with 

Navajo not exposed 10 

2. Sandstone, white, coarse-grained, cross-bed- 

ded; contains nodules of more firmly ce- 
mented sand grains 17 

3. Sandstone, reddish purple, fine-grained, cross- 

bedded; few parallel bedding planes 36 

4. Sandstone, white, cross-bedded; forms cliff; 

lower part fine-grained, upper part medium- 
grained 25 

5. Sandstone, purplish-red, cross-bedded ; parallel 

bedding planes every fp w feet ; differs from 

unit 1 only in that lowest 12 ft are massive- 45 

6. Sandstone, coarse, strongly cross-bedded; 

weathers white; forms a prominent but 

local unit 5 

7. Sandstone, resembles unit 6, except for the 

presence of a few beds of coarser sandstone; 

gray or white 65 

8. Sandstone, white, strongly cross-bedded; fine- 

grained to medium-grained 3 

9. Sandstone, purplish-red, cross-bedded, paral- 

lel bedding planes every few feet 40- 

10. Sandstone, white, strongly cross-bedded; fine- 
grained to medium-grained 15 
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Section of the Glen Canyon group along the Burr Trail through the 
Reef of the Waterpocket Fold — Continued 

Jurassic (?) — Continued 

Glen Canyon group — Continued 

Kayenta formation — Continued Feet 

11. Sandstone, purplish-red, strongly cross-bed- 
ded; parallel bedding planes every few feet; 
sand grains well-rounded and frosted; color 
is browner on fresh surfaces, redder on 
weathered sufaces; colors much deeper than 
Wingate sandstone beneath 26 



Total Kayenta formation. 



287 



Wingate sandstone: 

1. Sandstone, light-orange, fine-grained, strongly 
cross-bedded; uniform from bottom to top 
with few indistinct parallel bedding planes; 
sharp, conformable contact with Chinle at 
base; obscure, conformable contact with 
Kayenta at top; forms cliff 271 

Total Wingate sandstone 271 

Total Glen Canyon group 1, 374 

Triassic : 

Chinie formation: Variegated sandstone and shale. 

Section of the Navajo sandstone by the Dirty Devil River at Angel 

Cove 
San Rafael group: 

Carmel formation: Sandstone, shale, and gypsum, dominantly 
red. 
Glen Canyon group: Feet 

Navajo sandstone: 

1. Sandstone, red and w^hite; bedding irregular but 

dominantly horizontal; this unit forms a 
transition zone intermediate between typical 
Navajo and typical Carmel 17^ 

2. Sandstone, white, medium-grained, strongly cross- 

bedded; top 15 ft stained red from_ seepage 
through overlying red beds 47 

3. Conglomerate; irregular patch 6 ft wide and 12 ft 

high of angular cobbles of finely laminated sand- 
stone averaging 6 in. in longest dimension; 
lithology of cobbles slightly different from that 
of surrounding sandstone; only present locally. 12 

4. Sandstone, white to buff, medium-grained, cross- 

bedded, poorly cemented 204 

5. Sandstone, limy ; prominent unit OVz 

6. Sandstone, white to buff; medium-grained; cross- 

bedded; poorly cemented; sand grains of quartz, 
v/cll-rounded, frosted, average 0.01 in. in diam- 
eter; eroded to irregular topography of cliffs, 
benches and bare rock, conical hills 234 



Total Navajo sandstone 515 

Kayenta formation: Red and reddish-purple sa.ndstone in 
even beds; grades into Navajo sandstone; contact arbitrarily 
chosen, is not persistent along strike. 



.Section of the Kayenta formation in Sevenmile Canyon half a 
mile above the mouth 

Glen Canyon group: Feet 

Navajo sandstone: White, cross-bedded sandstone. 
Kayenta formation: 

1. Sandstone, purple, cross-bedded, fine-grained; 

forms ledges; contact with Navajo gradationai 
and arbitrarily drawn; could be taken 20 ft 
higher or lower 47 

2. Sandstone, pink, fine-grained, cross-bedded, fri- 

able; horizontal bedding planes at intervals of 
5 to 15 ft; a few lenses of chocolate-colored shale, 
each a few inches thick 41 

3. Sandstone, pink, cross-bedded, fine-grained; some- 

what thinner bedded than unit 4, and less re- 
sistant 25 

4. Sandstone, pink, fine-grained, cross-bedded; hori- 

zontal bedding planes 5 to 15 ft apart; units 4, 

5, and 6 form a nearly vertical cliff 70 

5. Conglomerate; flat pebbles of sandstone, poorly 

rounded in a sand matrix; a few limestone peb- 
bles; zone weathers black; un conformably over- 
lies unit 6, cutting across 1 ft of beds in 10 ft 

horizontally dji 

Local unconformity. 

6. Sandstone, pink, fine-grained, cross-bedded, fri- 

able; horizontal bedding planes at intervals of 
5 lo 15 fi; a few lenses of chocolate shale about 
1 ft thick, with lateral extent of only 10 to 50 ft; 
units 4, 5, and 6 form a ledgy but nearly vertical 
cliff 54}^ 



Total Kayenta formation 24 1 

Wingate sandstone: Buff, massive, cross-bedded sandstone 
forming prominent cliff. 

Section of the Kayenta formation in No Mans Canyon l^C miles 
above the junction with the Dirty Devil River 

Glen Canyon group: 

Navajo sandstone at top: White, massive, cross-bedded 

sandstone. 
Kayenta formation: Feet 

1. Sandstone, pink and reddish-brown, fine-grained, 

in beds 3 to 25 ft thick; unweathered sandstone 
is white in places; forms series of shelving ledges 
between Wingate cliff and Navajo cliff; lower 
part more thinjy bedded, upper part m.ore m.as- 
sive; gradationai contact with Navajo sand- 
stone; horizon of most striking lithologic 
change at this point is not persistent laterally. _ 298 

2. Sandstone, dark-brown, thin-bedded to shaly, 

fine-grained; this zone not persistent laterally. _ 20 



iotal Kayenta formation 318 

Wingate sandstone: Light-orange, fine-grained, cross-bedded 
sandstone forming prominent cliff. 
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Section of the Wingate sandstone in the canyon of the Dirty Devil 
River 2 miles above the mouth of Twin Corral Canyon 

Jurassicv?): 

Glen Canyon group: Feet 

Kayenta formation at top: Brown and red sandstone 

and shaly sandstone. 
Wingate sandsLone: Sandstone, iight-orange, fine- 
grainedj strongly cross-bedded; horizontal bedding 
planes at intervals of 50-75 ft; forms vertical cliff; 
unconformity at top with basal Kayenta shaly 
sandstone cutting across 30 ft of Wingate beds in 
100 yd horizontally 280 



Total Wingate sandstone 280 

Unconformity. 
Triassjc: 

Chinle formation at base: Variegated sandstone and shaly 
sandstone. 

Section of the V/ingaie sandstone in Glen Canyon of the Colorado 
River 2 miles above the mouth of Sevenmile Canyon 

Jurassic (?) : 

Glen Canyon group: ^?f^ 

Kayenta formation at top: Red and purplish-red 
evenly bedded sandstone. 

\Vingate sandstone. Sandstone, salmon colored, fine- 
grained, cross- bedded: quartz grains sub-angular; 
forms single sheer cliff; horizontal bedding planes 
in lower part at intervals of 20 co 40 ft; fewer and 
less distinct horizon lal bedding planes in upper 
part; lithology uniform from base to top 278 



Total Wingate sandstone— 278 

Triassic. 

Chinle formation at base: Friable gray sandstone at top; 
contact with Wingate not exposed. 

WINGATE SANDSTONE 

The massive Wingate sandstone ranges from 270 to 
380 ft in thickness. It thickens and thins erratically. 
Probably this is partly due to the unconformity at the 
base, but a considerable part of the variation is because 
the top of the Wingate has to be chosen arbitrarily for 
it is gradational into and intertongues with the over- 
lying Kayenta formation. The absence of persistent 
horizon markers within the formation, however, makes 
it difficult to determine the causes of the variations in 
thickness. Gilbert's Vermilion Cliff group (Gilbert, 1877, 
p. 6) included both the Wingate sandstone and the 
Kayenta formation. 

Lithology and thickness. — The Wingate is composed 
uniformly of clean quartz sandstone in which the sand 
grains are round to subangular and frosted, are seldom 
larger than 0.005 in., and average about 0.003 in. in 
diameter. The grains are loosely cemented by calcium 
carbonate. Cross beds of the tangential type arc abun= 
dant but not conspicuous because of the uniform, size 
of the sand grains. Moreover, except on freshly ex- 
posed cliff surfaces the cross bedding is obscured by 



desert varnish or other stam. Horizontal bedding 
planes are few and widely separated. Shale lenses in 
the Wingate were not observed in the Henry Mountains 
region although they have been observed elsewhere. 

Along the canyons the color of the Wingate sandstone 
is salmon where fresh and deep maroon or reddish-brown 
where weathered, but at the hogback ridges the sand- 
stone is light buff, almost white where not weathered. 
At Floral ranch, by Pleasant Creek at the Capitol 
Reef, red and buff colors alternate in the upper part of 
the formation. 

Two sets of reptilian footprints were observed on a 
large boulder in North Wash below the mouth of Mari- 
nas Canyon. Although the boulder is out of place, 
there is little doubt that it was derived from the Wingate. 
The two sets of tracks are parallel, and consist of rather 
indistmct im.pressions each 4 in. long. The distance 
between successive footprints is 10 in. No raindrop 
impressions or other signs of moist sand are preserved. 

At m_ost places the Wingate and overlying Kayenta 
grade into each other, but at a few places they are sepa- 
rated by a sharp contact. In the canyon of the Dirty 
Devil River, 2 miles above the mouth of Twin Corral 
Canyon, the basal beds of the Kayenta overlap as much 
as 30 ft of Wingate in a distance of 300 ft. 

Physiographic expression. — The sheer, vertical cliff 
produced by the Wingate everywhere along its belt of 
outcrop is the most persistent and unchanging topo- 
graphic feature in the area (fig. SA^ 5, 9^). Except 
along main streams and at a very few places where a 
wide fissure zone forms an inclined chute from the top 
to the base of the cliff, the Wingate cannot be crossed. 
Rm.all streams plunge over the rim nearly the full height 
of the cliff, which is referred to locally as ''the ledge'' or 
''the red ledge''. The cliff characteristically is stained 
w^ith desert varnish. 

Mode of deposition. — The Wingate is beheved to be an 
eolian deposit because of its sweeping tangential cross 
bedding and uniform grain size and composition. It 
has been suggested (Baker, Dane, and Reeside, 1936, 
p. 53) that a few parallel bedding planes within the 
Wingate may be due to fluvial action, but in the Henry 
Mountains' region no part of the formation is typically 
fluviatile. The beds beneath true bedding planes are 
not channeled as would be expected if streams had 
occasionally flowed across earlier eolian deposits. 

KAYENTA FORMATION 

The Kayenta formation, formerly correlated with the 
much younger Todilto limestone of New Mexico, has 
about the sam_e general distribution as the Wingate 
sandstone. The type locality is near the town of 
Kayenta, Ariz. (Baker, Dane, and Reeside, 1936, p. 5). 
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Lithology and thickness. — The Kayenta formation 
ranges in thickness from 240 to 320 ft in the Henry 
Mountains region, Gregory and Anderson (1939^ pp. 
1827-1850) record only 144 ft of Kayenta in Capitol 
Wash, but probably they included in the Navajo some 
beds here assigned to the Kayenta, because their total 
measurements of the two formations agree closely with 
ours. 

Fine-grained sandstone and shaly sandstone in 
lenticular beds averaging from 5 to 10 ft in thickness 
make up most of the Kayenta formation. Some of 
the beds are cross-bedded, but most of the cross-bedded 
strata are much less steeply inclined than those in 
the Wingate and Navajo sandstones. The sand grains 
are subrounded to subangular but not frosted; mica 
flakes and small subangular feldspar grains about the 
same size as the quartz grains are abundant in some 
beds. The grain size in most of the sandstone beds 
is between 0.01 and 0.02 in., which is distinctly larger 
than the average grain size of the imderlying Wingate 
sandstone. Lenses of red or brown shale and lenses 
of greenish clay and sandy clay form conspicuous thin 
units along the Reef of the San Eafael Swell; but few 
of these lenses are more than a few feet long and a few 
inches thick. Along Crack Canyon, in the San Uafael 
Svy^ell, a 3-ft bed of conglomerate 90 ft above the base 
of the formation contains well-rounded cobbles of red 
sa.ndstone as m_uch as a foot in diameter, in a red sandy 
matrix. Many of the sandstone beds contain tiny 
iron-cemented concretionary nodules about the size 
of small shot. Some beds contain oval-shaped clay 
pellets an inch long. Lenticular beds of intraforma- 
tional conglomerate, consisting of flat pebbles of sandy 
shale and sandy limestone in a coarse sand matrix, 
are present locally in the Kayenta along the Water- 
pocket Fold. Some thin limy beds are present near 
the top of the formation at the mouth of Fourmue 
Canyon. 

The Kayenta grades upv/ard into the Navajo so, 
despite the conspicuous lithologic differences between 
the two formations, their boundary generally must 
be arbitrarily chosen. Along the Reef of the San 
Rafael Swell the top beds of the Kayenta at South 
Temple Wash grade laterally southward uito Navajo 
lithology, but between Chute Canyon and the Muddy 
River the boundary between the two formations is 
stepped up and down irregularly through a stratigraphic 
range of about 50 ft. Along the Muddy River, 55 ft 
of beds between typical Navajo and typical Kayenta 
at one place closely resemble the Kayenta, but a short 
distance away resemble the Navajo. The stratigraphic 
position of the boundary seems not to change consist- 
ently in any single direction. 

Physiographic expression. — The sandstone beds of 



the Kayenta formation produce ledges above the sheer 
cliff of Wingate sandstone (fig. 8-4). From these 
ledges the overling Navajo sandstone (fig= 9^) rises 
in steep, bare rock slopes and knobs. Where dips 
are gentle, as along the canyons, some of the ledges 
form wide platforms on which there has accumulated 
an inch to a few mches of sandy soil derived in large 
part by transportation from the higher ledges and 
rock slopes. Where dips are moderately steep, as along 
the hogback ridges on the north and west sides of 
the region or around Mount Holmes and Mount 
Ellsworth, the tilted ledges of the Kayenta fonnation 
form a series of small cuestas that range from a few to 
many feet high. The dip slopes on the back side of 
these cuestas are largely bare, except for loose stones, 
because erosion on the slopes is too vigorous to permit 
the accumulation of soil or other fine detrital materials. 
Sandy detritus has been deposited on the narrow flat 
areas that parallel the strike of the beds, but even this 
transported material, if it can be called soil, is rarely 
more than a few inches thick. 

Around Mount Hillers the Kayenta is almost vertical 
and forms a strike valley between the massive steep 
walls formed by the Wingate and Navajo sandstones. 
The Kayenta here receives more rainfall and is subject 
to greater temperature changes than along the canyons 
or hogback ridges. Along the valley is a stony pervious 
soil, several inches to a few feet thick, but even this 
soil is largeh^ coUuvial material which grades into 
alluvium where the valley bottom is wide. 

Mode of deposition.- — Plant remains have been found 
in the Kayenta in the Henry Mountains region. In 
other parts of the Colorado Plateaus have been found 
fresh-water mollusks, reptilian tracks, as well as plant 
remains. This evidence, together with the lenticu- 
larity and cross bedding indicates that most of the 
Kayenta is of fluviatile origin, but some of the beds, 
especially the uppermost ones, Vy^ore probably rev/orked 
by v/inds. 

The source of the Kayeuta sediments is uncertain, 
though a northeast source is suggested by the abrupt 
thinning, increased mica content, and coarser grain- 
size northeastward toward the Gunnison River region 
of Colorado (Baker, Dane, and Reeside, 1936, p. 44). 



NAVAJO SANDSTONE 



The Navajo sandstone, referred to as the Gray Cliff 
group in Gilbert's report (1877, p. 6) consists of about 
65 ft of light-gray, massive sandstone. The eastern 
edge of the Navajo sandstone is in Colorado near the 
Utah border. Westward the fonnation thickens to 
1,000 ft in south-central Utah and to 2,000 ft in south- 
western Utah and southern Nevada. Perhaps the 
thickened sandstone represents the entire Glen Canyon 
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group in which equivalents of the Wingate, Kayenta, 
and Navajo are inseparable. 

LitholGgy and thickness.- — ^Westward across the Henry 
Mountains region the formation thickens from slightly 
more than 500 ft along the Dirty Devil and Colorado 
Rivers to more than 800 ft at Burr Trail on the Water- 
pocket Fold. 

Except for moderate changes in color, from gray to 
pink or pale red, there are few variations in the lith- 
ology of the Navajo. Most of the horizontal bedding 
planes are more than 50 ft apart except near the top 
or base of the forriiation. Between the horizontal 
bedding planes are long, sweeping cross-bedded strata 
that slope as much as 30°. Most of the sand grains are 
about 0.01 in. in diameter so the grain size is much 
coarser than in the Wingate. The grains are well- 
rounded and frosted. At several places, notably in 
the vicinity of Mount Ellsworth and Smith Fork^ the 
lower part of the formation contains lenses of dense, 
thin-bedded, gray limestone. Few of these lenses are 
more than 3 ft thick or more than a few hundred feet 
long. Numerous mud cracks in the limestone are filled 
with fine sand. In addition, the limestone contains 
irregularly shaped masses of chert. At several other 
places brown limy sandstone beds have an aggregate 
thickness of 10 ft. 

Ten to fifteen feet of well-bedded sandstone at or 
near the top of the formation is usually redder or 
browner than the main part. Sharp contacts separate 
these beds from the rocks above and below them. 
Apparently they are water-laid and where overlain by 
the Carmel formation they might be attributed to a 
reworking of Navajo sand by the advancing Carmel 
sea, but at many places the beds are overlain by 15 to 
20 ft of massive cross-bedded sandstone typical of the 
Navajo, so probably the well-bedded sandstone is a 
fluvial deposit within the Navajo. 

An intraformational conglomerate near the top of 
the Navajo sandstone at Angel Cove on the Dirty 
Devil River consists of angular blocks of laminated 
sandstone in a sand}^ matrix. Most of the blocks are 
about 6 in, in diameter; the maximum diameter is 16 
in. The conglomerate is 12 ft thick and only 6 ft wide 
and probably is a small landslide of partly consolidated 
sandstone. 

Dinosaur tracks have been found in the Navajo 
sandstone in other regions (Baker, Dane, and Reeside, 
1936, p. 6) but no fossil remains have been found in the 
formation in the Henry Mountains region, though they 
were sought, particularly in the limy beds. 

The contact between the Navajo sandstone and 
overlying Carmel formation is sharp, and though it is 
slight^ crenulated it exhibits no sign of very much 
pre-Carm_el erosion (fig, 12Z>). 



Physiographic expression. — In the canyon part of the 
Henry Mountains region the Navajo forms steep to 
vertical cliffs as much as 500 ft high (fig. 90). In 
some places the base of the overlying Carmel formation 
extends almost to the rim of the canj'-on, so that the 
full thickness of the Navajo is in the cliffs. At other 
places the Carmel has been stripped back as much as 2 
or 3 miles leaving the Navajo sandstone carved into an 
intricate maze of bare rock domes of all sizes and 
heights — a hard-rock, badland topography. Similar 
hard-rock badlands in Navajo sandstone on the hog- 
back ridges are gashed by incredibly deep and narrow 
gorges. Facing the uplifts is a more or less continuous 
cliii of the sandstone. 

Gravelly sand has accumulated along the bottoms of 
the gorges and canyons that have boon cut into the 
sandstone. Here and there between the bare rock 
domes are small upland surfaces on which an inch to a 
few inches of loose sand has accumulated, largely as 
wash derived from the nearby slopes. Small depres- 
sions on the bare rock surface also contain loose sand 
and this sand is probably in large part residual. The 
depth of the depressions ranges from an inch to a few 
inches, and their diameter ranges from several inches 
to several feet, w^ater stands in them after rains but 
during the prolonged periods of no rain they are subject 
to scour by w^nd. Sandy soil has accumulated also 
in joint crevices but olsov/hcre on the surface of the 
Navajo sandstone one finds only patches of rock rubble 
or scattered subrounded stones. Probably about 95 
percent of the outcrop belt of the Navajo sandstone is 
bare rock. 

Mode of deposition. — The Navajo sandstone is inter- 
preted as being largely of eolian origin because of the 
grand scale of the tangential cross bedding, the uni- 
formity of grain size, cleanness of the sandstone, and 
scarcity of horizontal bedding planes. The mud- 
cracked limestone, the limy sandstone, and the even- 
bedd'^d sandstones were probably water-laid and may 
be fluviatile or small basin deposits. The Navajo 
thickens westward and presumabl}^ was derived frona 
that direction. 



JURASSIC SYSTEM 



SAN RAFAEL GROUP 



The San Rafael group takes its name from the San 
Rafael Swell. The only marine Jurassic deposits of the 
Henry Mountains region are in this group. They com- 
prise the Curtis formation and a small part of the 
Carmel formation. The several formations of the group 
produce a considerable variety of topographic forms. 
The Carmel, Curtis, and Summerville are weak forma- 
tions, but they form steep slopes Vv^here they are over- 
lain by more resistant beds. The En trad a includes 
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some cliff-making sandstone and some soft sandstone 
which forms extensive sand flats. Along Boulder Creek, 
in the northern part of the Henry Mountains region, 
the four formations of the group have an aggregate 
thickness of 1,300 ft. In the southern part of the area 
the Curtis is absent and other formations of the group 
are thin, so that the total thickness there is as little as 
650 ft. 

In addition to the sections appearing here, detailed 
stratigraphic sections of formations of the San Rafael 
group from localities within or closely adjacent to the 
Henry Mountains region have been published as foUov/s: 
LongwcU, Miser, Moore, Bryan, and Paige, 1925, pp. 21, 
22; Gilluly and Reeside, 1928, pp. 82-87; Gregory and 
Moore, 1931, pp. 76, 80, 81; Gregory and Anderson, 
1939, pp. 1839, 1842; Baker, 1947. 

Section of the Curtis and Summerville formations near the north 
end of Big Wild Horse Mesa^ Emery County 

Morrison formation: Thick-bedded sandstone in sharp contact 
with underlying beds, but with no visible unconformity 
at this locality. Lithologic change is principally one of thicker 
and less regular beds in the Morrison. 

San Rafael group: 

Summerville formation: Feet 

1. Shale and gypsum, chocolate, gray, greenish-gray, 

and white; chocolate-colored shale weathers in 
mammillary forms, gray shale more massive, 
and green shale more fissile; gypsum in beds 
as much as 1 ft thick 108 

2. Concealed; nearby strata appear to be interbedded 

shale, sandstone, sandy shale and gypsum .58 

3. Gypsum and shale; gypsum in beds as much as 

1 ft thick and also intimately interbedded with 
and disseminated through shale, finely granular, 
v/eathers with mammilary surfaces ; shale choco- 
late, in part sandy 11 

4. Shale, sandy shale and sandstone; chocolate and 

gray, thin-bedded 3 

5. Gypsum, finely granular; w^eathers in mammilary 

forms 1 

6. Sandstone and shale, gray tinted with red and 

chocolate; in beds 34 to 1 in. thick; a few thin 
beds of gypsum 7 

7. Gypsum and shale, intimately mixed 5 

8. Shale and mudstone; shale chocolate, fissile; mud- 

stone greenish-gray; thin veins of gypsum 6 

9. Gypsum and shale, finely mixed; thickness irreg- 

ular IJ^ 

10. Shale, chocolate-colored, sandy and sandstone, 

gray, thin-bedded 16 

11. Gypsum, greenish- white, granular; thickness irreg- 

ular IJ^ 

12. Shale, mudstone and sandstone; chocolate colors 

dominant over gray; in beds 1 to 3 in. thick; 
transitional downward into Curtis 35 

Total, Summerville formation 253 



Section of the Curtis and Summerville formations near the north 
end of Big Wild Horse Mesa, Emery County — Continued 

San Rafael group — Continued 

Curtis formation: Feet 

1. Sandstone and shale, light-gray at base, increasing 

num^ber of brown beds upward; forms transition 
zone with overlying Summerville; top of Curtis 
taken arbitrarily at horizon above which brown 
colors dominate; scattered jasper throughout— 23 

2. Sandstone, gray; in beds half an inch to 8 in. 

thick, jasper concretions; forms ledge 10 

3. Sandstone, gray, shaly, very thin bedded, forms 

slope 2 

4. Sandstone, greenish-gray, shaly, very fine grained. J^ 

5. Sandstone, greenish-gray, fine-grained, thick 

bedded, nearly structureless; green band at top 

14 in. thick 5 

6. Sandstone, gray, shaly, very thin bedded 15Ji 

7. Sandstone, gray, very fine-grained: forms ledge. _ J4 

8. Sandstone, gray, partly shaly; fine-grained; a few 

gray shale pellets 14J^ 

9. Sandstone, ught-gray, cross-bedded between par- 

allel bedding planes; a few pebbles of flint, 
chert, limestone, quartzite, and shale up to 

1 in. in size 1 

10. Sandstone, light-gray, cross-bedded; top 3 ft. 

identical with unit 11 8 

11. Sandstone, light-gray, massive, fine-grained; pure 

quartz sandstone without structure 6 

12. Sandstone, gray, medium-grained, cross-bedded; 

breaks in slabs along cross beds; scattered 
pebbles of flint, chert, limestone, quartzite, and 
shale as much as half an inch in diameter; 
unconformably rests on Entrada with relief of 

2 in . along contact ; forms ledge 1 

Total Curtis formation^ 87 



Unconformity. 

Entrada formation: Light-red sandstone bleached white 
at top with thin chocolate shale partings in top 5 ft. 

Section of the San Rafael group along the Muddy River east of the 
San Rafael Swell 

Morrison form^ation: Conglomerate overlain by variegated shale- 
massive sandstone, and conglomerate. 

Erosional unconformity. 

San Rafael group: 

Summerville formation: Feet 

1. Shale and sandstone; shale chocolate and sandy; 

sandstone gray and chocolate, thin- bedded 
and minutely cross-bedded; many gypsum 
veins; bedding very even 72 

2. Sandstone and gypsum thoroughly mixed 2 

3. Shale and sandstone; similar to units 1 and 7.. 25 

4. Sandstone and gypsum thoroughly mixed 1 

5. Sandstone and shale similar to units 1 and 7; 

contains three 1-ft beds of cross-bedded platy 
sandstone 37 

6. Gypsum impregnated with sandstone; white, 

finely crystalline, probably secondary 2 
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Section of the San Rafael group along the Muddy River east of the 
San Rafael Swell — Continued 

San Rafael group — Continued C 

Summerville formation — Continued Feet 

7, Shale and sandstone; shale chocolate-colored 
and sandy; sandstone gray and chocolate- 
colored, thin-bedded and minutely cross- 
bedded; many gypsum veins; bedding very 
even; contact with Curtis gradational and 
arbitrary 95 



Total Summerville formation 235 



Curtis formation: 

1. Shale and sandstone, inter bedded gray and 

chocolate colors, gray dominant but choco- 
late color increasingly prominent upwards; 
sandstone, thin-bedded and in part calcareous. 50 

2. Shale, chocolate-colored; the lowest chocolate- 

colored bed in section 1^ 

3. Sandstone, gray tinted with green; soft, friable, 

thin-bedded; contains jasper concretions along 
bedding planes; most persistent jasper horizon 
is 30 ft above base 42 

4. Sandstone, light-gray, in beds as much as 1 ft 

thick, friable, cross-bedded; formes cliff 50 

5. Sandstone, sandy shale and shale; sandstone 

gray tinted with green, mostly fine-grained but 
some beds of medium grain-size; shale gray 
tinted green, fissile, present only as thin 
partings between sandstone beds; lower part 
more sandy than upper 30 

6. Sandstone, light-gray^ coarse with pebbles as 

large as th^rce fourths of an inch in diameter 
and spaced 1 to 3 in. apart: in places fills chan- 
nels in unit 7; where unit 7 is absent, fills 
channels in Entrada 2 

7. Conglomerate, irregularly distributed; pebbles 

of milky quartz, quartzite, chert, lim_estone, 
and jasper with almost no matrix material; 
size of pebbles one fourth inch to 2 in. ; con- 
glomerate fills channels in top of Entrada 34 

Total Curtis formation 174 



Unconformity. 
Entrada sandstone: 

1. Shale, green, sandy 1^' 

2. Sandstone, red, fine-grained, m^ostly in m^assivc 

beds about 12 ft thick, a few 1-ft beds; 
weathers into rounded shapes 66 

3. Sandstone, red, fine-grained; in beds 1 to 2 ft 

thick 6 

4. Sandstone, red, massive 11 

5. Sandstone, red, fine-grained; in beds 1 to 2 ft 

thick; lower 1 ft gray 14 

6. Shale, chocolate=eolorcd, clayey, irregularly 

laminated; includes some blue shale; sHcken- 

sided 1^ 

7. Sandstone, buff, fine-grained; thick-bedded; top 

1 ft is gray 34 

8. Sandstone, gray, soft, cross-bedded; cross-beds 

weather into plates one fourth inch thick 12 



Section of the San Rafael group along the Muddy River east of the 
San Rafael Swell — Continued 

San Rafael Group — Continued 

Entrada sandstone — Continued Feet 
9. Sandstone and sandy shale, red, in irregular 
beds; sandstone massive, fine-grained, weath- 
ers to rounded shapes 30 

10. Sandstone, red, massive, soft, fine-grained 1 

11. Shale, chocolate-colored, clayey, irregularly 

laminated OJ^ 

12. Sandstone, gray, massive, soft, fine-grained 1 

13. Sandstone and sandy shale, red, irregularly 

bedded; sandstone massive, fine-grained, 
weathers to rounded shapes; upper half is 
sandstone 34 

14. Sandstone, red, massive, fine-grained; bedding 

irregular; not quite as resistant as unit 15 38 

15. Sandstone, red, massive, fine-grained, resistant; 

forms scarp; dip slope irregular with rock 
hummocks and pits 24 

16. Sandstone and shale; sandstone gray, buff, in 

beds 1 in. to 2 ft thick, weathers in rounded 
shapes; shale chocolate 29 

17. Sandstone, red, massive, soft, fine-grained; 

weathers into rounded shapes 7 

18. Shale and sandstone, well-bedded; shale choco- 

late, in beds one eighth inch thick; sandstone 
gray, buff, platy 18 

19. Sandstone, red, massive, soft, fine-grained 1 

20. Shale and sandstone, like units 18 and 25 6 

21. Sandstone, red, massive, soft, fine-grained; 

weathers into rounded shapes 7 

22. Shale and sandstone, like units 18 and 25 5 

23. Sandstone, red, massive, soft, fine-grained 7 

24. Sandstone, light-gray, coarse-grained, cross- 

bedded in beds 1 ft thick; upper surface pitted 
with rounded holes 1 ft deep; contact with 
unit 25 similar to contact at base of Entrada _ 2 

25. Shale and sandstone, well-bedded; shale choco- 

late, in beds one eighth inch thick; sandstone 
gray, buff, fine-grained, in beds 1 in. to 1 ft 
thick 6 

26. Sandstone, light-gray, coarse-grained, cross- 

bedded in beds 1 ft thick 3 

27. Sandstone, shaly, soft 2 

28. Sandstone, light-gray, coarse-grained, cross- 

bedded in beds 1 ft thick; sand grains both 
angular and rounded, both frosted and clear; 
contact with Carmel is sharp and undulatory 
in zone 3 in. wide 5 



Total Entrada sandstone. 
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Carmel formation: 

1. Sandstone, shaly, massive, red; weathers into 

rounded shapes; bedding indistinct; units 1 to 

4 might equally well be placed in Entrada. _ _ 50 

2. Shale, chocolate-colored 34 

3. Sandstone, red, massive, fine-grained; bedding 

very obscure 45 

4. Shale, red and gray, sandy; a few beds of gray 

sandstone and of gypsum; m^any gypsum 
veins; might equally Vvcll be placed in En- 
trada 45 
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Section of the San Rafael group along the Muddy River east of the 
San Rafael Swell- — Continued 

San Rafael group — Continued 

Carmel formation — Continued ^^^ 

5. Gypsum, irregularly bedded, with some red 

sandy shale 25 

6. Gypsum, thinly bandedj red and green 12 

7. Shale, sandy, red; thoroughly impregnated with 

gypsum 1 

S. Sandstone, gray, soft, thin-bedded 8 

9. Shale, red, sandy 1 

10. Gypsum, thinly banded, red and green 7 

11. Sandstone, gray, soft, thin-bedded 6 

12. Shale, red, sandy 2 

13. Sandstone, shaly, gray, soft 4 

14. Gypsum, thinly banded, red and green; contains 

pink jasper at base 6 

15. Sandstone, shaly, gray, soft; upper 6 in. contain 

stringers of secondary gypsum; contact with 

unit 16 obscure 12 

16. Gypsum, thinly banded, red and green in lower 

part, gray in upper; lower 6 in. sandy; con- 
tains flattened nodules of chalced ony 7 

17. Sandstone, gray, shaly, soft 26 

18. Shale, sandy, red, soft 6 

19. Sandstone, gray, thin-bedded, soft 10 

20. Shale, sandy, red, soft 2 

21. Sandstone, gray, thinly and evenly bedded; 

ripple marks 38 

22. Gypsum, sandy and green in lower part, white 

and finely crystalline in upper; contact with 

unit 23 irregular and in part transitional — 50 

23. Shale, red, sandy; gypsiferous in lower part with 

gypsum finely disseminated ; contact with unit 

24 irregular but sharp 6 

24. Gypsum, finely crystalline; grades into unit 25- - 8 

25. Sandstone, gypsiferous; bedding and thickness 

irregular ; grades into unit 26 2 

26. Gypsum, sandy in lower part; bedding con- 

torted ; grades into unit 27 9 

27. Sandstone, shaly, red in middle, greenish-gray 

at base and top; contact with unit 28 grada- 
tional 8 

28. Sandstone and shaly sandstone, in part calcar- 

eous; thicker beds cross-bedded, gray 25 

29. Limestone, dark-gray, thin-bedded; contains 

small shell fragments; sharp contact at base 

and top 1 

30. Limestone, sandy and thin-bedded in lower 

part; massive and pure in upper part, resist- 
ant; weathers white; grades into unit 31 12 

31. Sandstone, gray, thick-bedded in lower part, 

thin-bedded and calcareous in upper part; 
forms chff 30 

32. Sandstone, shaly, red, soft; weathers in small 

rounded shapes; contact with unit 33 grada- 
tional 1 



Section of the San Rafael group along the Muddy River east of the 
San Rafael Swell — Continued 

San Rafael group — Continued 

Carmel formation — Continued ^^^t 

33. Sandstone, gray, fine-grained, weli-bedded in 

strata one eighth of an inch to 12 in. thick; 
grades into unit 34 25 

34. Shale, well- bedded, soft; calcareous in lower 

part, sandy in upper 8 

35. Limestone, gray, dense, massive and pure in 

lower part, bedded and fossiliferous in upper 
part with 1-in. parting of sandy Umestone in 
middle '^H 

36. Sandstone, greenish-gray; massive in lower part, 

bedded and calcareous in upper. _. 2 

37. Limestone, gray, sandy, porous, blocky; grades 

into unit 38 4 

38. Sandstone, greenish-gray, massive, soft 2 

39. Sandstone, gray, in thin indistinct beds, rcsist- 

ant_ . 6 

40. Sandstone, greenish-gray, shaly; even beds one 

eighth to half an inch thick, soft; gypsiferous 

near base ; grades into unit 41 7 

41. Gypsum.; sharp contact with unit 42 7 

42. Sandstone and shale, red; thin wavy bedding; 

dip slope on upper surface irregular; grada- 
tional contact with unit 43 2 

43. Limestone, gray and greenish-gray,- sandy, 

resistant, grades into unit 44 21 

44. Sandstone, red, fine-grained, thin wavy bedding; 

grades into unit 45 1 

45. Limestone, gray and greenish-gray, sandy, 

resistant; green sandstone in globular masses 
a few inches long and an inch thick at base; 
contact with unit 46 irregular, apparently 
gradational through earthy zone which m.ay 
represent weathering of unit 46 3J^ 

46. Sandstone and shale, red, soft, thin-bedded; 

contact with unit 47 very sharp and irregular, 

with angular pockets and bumps 1 in. high. _ 2% 

47. Limestone, gray, resistant; crenulate contact 

with imit 48 1 

48. Sandstone and shale, red; shale as thin partings 

between soft sandstone beds; grades down- 
ward into calcareous sandstone IM 

49. Limestone, light-gray, sandy, resistant 1 

50. Sandstone, red and orange, thin-bedded, soft__ H 

51. Limestone, gray, porous, very fine-grained, 

chalky, resistant y€ 

52. Sandstone, red and orange, thin-bedded, soft; 

does not part readily along bedding planes. _ M 

53. Shale, chocolate, finely laminated 0-1^2 

Total Carmel formation 563 

Total San Rafael group 1,342 

LTuconforinity. 
Glen Canyon group: 

Navajo sandstone: Gray, massive, cross-bedded sandstone. 
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Section of the San Rafael group along Burro Wash 4 miles south 
of Notom 

Morrison formation: Massive conglomerate rests on an eroded 
and channeled Summerville surface. 

Erosional unconformity. 

San Rafael group: Feet 

Summerville formation: Sandstone and shaly sand- 
stone, mainly red but some beds are greenish gray; 
very evenly laminated in beds as much as 2 in. 
thick: abundant veins of gypsum^, and a few thin 
beds of gypsum; several beds of gypsiferous 
sandstone as much as 2 ft. thick 200 



Total Summerville form^ation 200 



Curtis formation: 

1. Sandstone, shaly, hght-gray tinted green, fria- 

ble; some beds platy; pink gypsum concretions 
in middle part; contact with Summerville 
gradational through a zone 10 ft. thick 30 

2. Sandstone, medium-grained, ripple-marked; 

contains green clay pellets half an inch long_ _ 3^4 

Total Curtis formation 30 



Unconformity (?) . 
Entrada sandstone: 

1. Sandstone, light-gray, cross-bedded; inter - 

tongues with unit 2; contact with Curtis sharp 

but even; unconformity not noticeable 20 

2. Sandstone and shaly sandstone similar to unit 4; 

gypsum beds toward top about 6 in. thick 
may be secondary; gradational contact with 
unit 3 308 

3. Sandstone, light-gray, massive, cross-bedded, 

medium-grained; resistant; gradational con- 
tact Vvith unit 4 40 

4. Sandstone and shaly sandstone; sandstone red, 

shaly sandstone deep-red; sandstone in beds 
4 in. to 2 ft thick; thicker sandstone beds 
earthy; shaly sandstone laminated, occurs as 
partings up to 6 in. thick between sandstone 
beds; thin gypsum lentils in lower 30 ft 108 



Total l!]ntrada sandstone 476 



Carmel formation : 

1. Gypsum, sandstone and shaly sandstone; 

gypsum white, pink, and green; sandstone 
red, earthy and shaly; gypsum interbedded 
with and intruded into sandstone; bedding 
very irregular; gypsum beds as much as 50 
ft thick in lower part, 1 to 10 ft thick in 
upper part 205 

2. Sandstone, light-gray, shaly, finely-laminated; 

grades into unit 3 through 2 ft transition 

zone 31 

3. Sandstone, calcareous, platy, fine-grained, hard; 

grades into unit 4 through 2-ft zone of soft 

gray sandstone 13 

4. Sandstone, red, earthy; shaly in lower part, 

massive, in upper; top 6 in. of green earthy 
sandstone ; sharp contact with unit 5 8 



Section of the San Rafael group along Burro Wash 4 miles south 
of Notom — Continued 

San Rafael group — Continued 

Carmel formation — Continued E" Feet 

5. Sandstone, light-gray, shaly, finely laminated 23 

6. Sandstone, calcareous, platy, fine-grained, hard; 

grades into unit 7 through zone 6 in. thick 12 

7. Sandstone, shaly, light-gray to tan, fine-grained, 

probably gypsiferous; very wavy bedding, 
finely laminated; contains some red sandstone 
and shale; sharp contact with unit 8 12 

8. Sandstone, shaly, deep-red, finely laminated; 

irregular contact with unit 9, has 3 in. of 
relief 1 

9. Sandstone, red, fine-grained; lower part massive 

and earthy, upper part bedded in beds half an 
inch to 2 in. thick; sharp erosional contact 

with unit 10 3 

10. Sandstone, white, fine-grained, friable; contact 
with Navajo is irregular with knobs 1 in. high 
and 6 in. across )lo 

Total Carmel formation 308 

Total San Rafael group 1, 014 

Glen Canyon group: 

Navajo sandstone: Gray, medium-grained, massive, 
cross-bedded sandstone. 

Section of the San Rafael group a quarter of a mile north of the 
mouth of Muley Twist Canyon in the valley of Halls Creek 

Morrison formation: Massive sandstone at base. 

Uncomformity. 

San Rafael group: 

Summerville f ornaation : Feet 

L Sandstone, brown, shaly, ea-rthy. Top foot is 

bleached greenish- white 5 

2. Sandstone, brown, dense, in beds 6 in, to 2 ft 

thick separated by thin beds of weaker brown 
sandstone; weathers into rounded knobby- 
forms llj^ 

3. Sandstone, light-green, in alternating resistant 

and weak layers which grade into each other 
vertically and laterally; upper part mottled 

brown and green 1 7^2 

4. Sandstone, light-green, massive, homogeneous. _ 9J4 

5. Sandstone, greenish-white, m_a.ssive 4 

6. Sandstone, greenish-white, fine-grained; in upper 

part very evenly bedded, and with a few 
chocolate-colored interbeds 20 

7. Sandstone, interbedded white, chocolate brown, 

and light-green beds; chocolate-colored beds 
shaly 5 

8. Sandstone, brown and light-green beds 1 to 4 in. 

thick; brown dominant in lower part, green 
in upper; a few purple and chocolate-colored 
shaly beds 17J^ 

9. Sandstone, light-and dark-brown, fine-grained; a 

few thin beds of light-green sandstone 6 
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Section of the San Rafael group a quarter of a mile north of the 
mouth of Muley Twist Canyon in the valley of Halh Creek — ■ 
Continued 

San Rafael group — Continued 

Summer ville formation — Continued Feet 

10. Sandstone, fine-grained, lower 5 ft brown. 

remainder greenish-gray; brown or purple 
shale partings at 5 to 10 ft intervals; weath- 
ered into rounded parallel flanges 6 in. to 5 ft 
thick separated by grooves along weaker 
beds, giving cliff face evenly laminated aspect 
typical of Summerville everywhere; normally 
covered by brown wash from above 53 

11. Sandstone, brov/n and gray, fine-grained, thin- 

bedded, brown becomes dominant upward 6 



Total Summerville form.ation_ 



155 



Unconformity — Curtis formation absent. 

Entrada sandstone : 

L SandstonCj white, fine-grained^ cross-bedded^ 
massive; no bedding planes, forms vertical 
cliff 136 

2. Sandstone, orange, massive; bands of white 

sandstone and bedding planes at intervals 

of 10 to 30 ft 127 

3. Sandstone, white, cross-bedded, poorly ce- 

mented ; sand grains well-frosted 53 

4. Sandstone, orange, fine-grained, cross-bedded, 

massive 46 

5. Sandstone, red with thin white bands, earthy; 

parallel bedding planes at intervals of a few 
feet; forms flats and gentle slopes in contrast 
with units 1 to 4 and unit 6 150 

6. Sandstone, orange, fine-grained; cross-bedded in 

units 3 to 15 ft thick; sand grains well- 
rounded, poorly cemented; weathers brown; 
erodes into beehive-shaped rocky knobs 181 

Total Entrada sandstone 693 



Oarmel formation : 

1. Sandstone, deep-red with white bands at inter- 

vals of 6 to 10 ft, fine-grained, irregularly 
jointed; gradational into unit 2 below and 
into Entrada above, except Entrada not 
jointed 28 

2. Gypsum, shale and sandy shale; gypsum white 

and sugary in beds 3 to 5 ft thick; shale and 
sandy shale, red, and veined with gypsum; 
gypsum more abundant in lower part __i 102 

3. Shale and sandy shale, red; network of gypsum 

veinlets especially in upper part 49 

4. Limestone and sandy limestone, greenish- white, 

thi n-bedded 17 

5. Sandstone, shaly, deep- red; a few massive 

sandstone beds 1 to 2 ft thick; ripple marks; 
contact with Navajo sharp but only few 
inches of relief 37 

Total Carmel formation 233 

Total San Rafael group 1, 081 

Un conf ormi ty ( ?) 
Glen Canyon group: 

Navajo sandstone: White, cross-bedded, massive sandstone. 



Section of the San Rafael group at Baker ranch in the lower part of 
the valley of Halls Creek. 

Morrison formation: Massive sandstone at base caps a vertical 
cliff of Summerville and upper part of the Entrada. 

Unconformity. 

San Rafael group: 

Summerville formation: Fed 

1. Sandstone, reddish-brown, and shaly sandstone, 

dark-brown, interbedded about equally 8x2 

2. Sandstone, brown, massive in beds as much as 

5 ft thick with a few shale beds several inches 
thick 16 

3. Sandstone, shaly, brown and light-green, banded 

and also mottled in places; several more resist- 
ant, lighter-colored sandstone beds 1 to 2 in. 
thick 9 

4. Sandstone, reddish-brown; few shaly partings; 

more massive than unit 5 9H 

5. Sandstone, reddish-brown, very fine grained, in 

beds 4 m. to 1 ft thick separated by indistinct 
thin shaly layers; sandstone weathers to rounded 
flanges, shaly layers to groo v es 9 

6. Sandstone, massive, even-bedded in beds 3 ft 

thick separated by shale beds a few inches thick; 
lower two sandstone beds orange, probably rep- 
resenting reworked Entrada, upper sandstone 
white; shale, maroon, purple and light-green 10 



Total Summerville formation. 



62 



Unconformity — Curtis formation absent. 

Entrada sandstone : Thick series of cross-bedded sand- 
stones, earthy and weak in lower part, resistant and 
massive in upper; section here poorly exposed, not 
measured. 

Carmel formation: 

1. Sandstone, reddish-brown with a few beds 1 to 3 

ft thick which weather white; beds warped into 
gentle domes and basins 2(^to 100 ft in diameter. 81 

2. Jjimestone, pinkish white, thin-bedded 4 

3. Sandstone, reddish-brown, fine-grained, shaly; in 

general evenly bedded but locally contorted. _ 35 



Total Carmel f orm_ation 120 

Glen Canyon group: 

Navajo sandstone: White, strongly cross-bedded, massive 
sandstone. 

Section of the Carmel formation and Entrada sandstone on the 
crest of Pulpit Arch, sec. 28, T. 33 S. R, 12 E. 

San Rafael group: 

Summerville formation: Brown, evenly bedded sandstone 

and shaly sandstone. 
Unconformity — Curtis formation absent. 
Entrada sandstone: Feet 

1. Sandstone, light-orange, cross-bedded; grain size, 

0.01 in.; contact with Summerville not ¥/ell 
exposed 47 

2. Sandstone, light-orange with white bands, earthy, 

cross-bedded, weak 58 

3. Sandstone, light-orange, cross-bedded, poorly 

cemented, sugary: prominent bedding planes at 
intervals of 15 to 30 ft; a few bands of white 
sandstone 70 
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Section of the Carmel formation and Enirada sandstone on the 
crest of Pulpit Arch, sec. 28, T. S3 S. R. 12 i?:.— Continued 

San Rafael group — Continued 

Entrada sandstone — Continued Feet 

4. Sandstone, light-orange, cross-bedded, poorly 

cemented, earthy; a fev/ bands of white sand- 
stone; weaker than zones above and below, 
forms slopes 41 

5. Sandstone, light-orange, cross-bedded, poorly 

cemented, prominent bedding planes at inter- 
vals of 15 to 30 ft; other bedding very indistinct: 
much-jointed on small scale 61 

6. Sandstone, light-orange, cross-bedded, poorly 

cemented, earthy; weaker than unit above and 
below, forms slopes 29 

7. Sandstone, light-orange, cross-bedded, poorly 

cemented; slightly coarser grained than unit 8; 
prominent bedding planes at intervals of 15 to 
30 ft 128 

8. Sandstone, orange, cross-bedded, poorly cemented ; 

grain size about 0.01 m. ; only 1 prominent bed- 
ding plane in this zone; cross-bed units 2 to 5 
ft thick; Entrada formation almost a unit from 
bottom to top; units described are gradational 
into one another and are distinguishable only 
by minor lithologic differences 76 



Total Entrada sandstone 510 



Carmel formation: 

1. Sandstone, white, fine-grained, sugary, massive; 

sharp smooth contact with Entrada 4 

2. Sandstone and shaly sandstone, red, fine-grained 

(one two-hundredths of an inch), ripple-marked; 
at intervals of 15 to 20 ft, beds of coarser more 
massi^-e, ledge-making saridstone 2 to 3 ft thick. 843^ 

3. Limestone, shaly, pink, thin-bedded 4 

4. Sandstone and shaly sandstone, red, fine-grained 

(one two-hundredths of an inch), ripple-marked; 
fonns slopes lli^ 



Total Carmel formation 104 

Glen Canyon group: 

Navajo sandstone: White, strongly cross-beddcd, massive 
sandstone. 

CAEMEL FORMATION 

The outcrop belt of the Carmel formation varies in 
width from a quarter to two miles in the eastern part 
of the Henry Mountains region, but it is very narrow 
in the strike valleys back of the Waterpocket Fold, 
Capitol Reef, and the Reef of the San Rafael Swell. 

Lithology and thickness. — The Carm^el varies greatly 
in hthology and thickness in different parts of the re- 
gion, but its persistent deep-red color contrasts sharply 
with the gray Navajo beneath and the buff Entrada 
above. The formation consists of soft red sandstone, 
shale, and gypsum with a few beds of marine limestone 
near the base in the western part of the area. 

The Carmel formation has two principal facies that 
grade laterally into each other, a northwestern facies 



containing considerable limestone and gypsum, and an 
eastern and southeastern facies composed mostly of 
red beds (figs. 14, 15). 

The red-bed facies is consistently between 100 and 
150 ft thick, but near Muley Twist Canyon it grades 
into the limestone-gypsum facies which greatly thickens 
northward to 233 ft at Muley Twist Canyon, 283 ft 
at Bitter Creek Divide, 336 ft near the Sandy ranches, 
561 ft at the Muddy River, and 626 ft at Boulder 
Canyon. A considerable part of the thickening takes 
place near the Sandy ranches v/here the gypsum beds 
abruptly thicken at the bends in the fold. Similar 
northward thickening takes place along the east side 
of the basin and has been observed in adjoining areas 
(Baker, Dane, and Reeside, 1936, p. 48). 

At the base of the limestone-gypsum facies at many 
places are a few feet or few tens of feet of ripple-marked, 
thin-bedded, fine-grained, red sandstone and shaly 
sandstone. Overlying this sequence are beds of sandy, 
gray limestone. Along the upper part of Halls Creek 
are one or two lirny zones with an aggregate thickness 
of about 10 ft, but along the San Rafael Swell, beds 
of sandy limestone alternate with sandstone through a 
thickness of 130 ft. Many of the lim_estone beds 
contain marine fossils. 

Overlying the limestone member is a thick sequence 
of gypsiferous sandstone, whose bedding is commonly 
much contorted. The beds of gypsum are as much as 
50 ft thick and consist of sugary, white gypsum inti- 
mately mixed with shaly and sandy material. Some 
of the gypsum is variegated pink and green, and inter- 
bedded with earthy, red sandstone, most of which is 
intricately veined with gypsum. The bedding in the 
Carmel formation above the first gypsiferous zone is 
very irregular and undulatory. The thickest gypsum 
beds are near the base of the gypsiferous zone but 
layers of gypsmn are present practically to the top of 
the formation. 

The northernmost exposures of the Carmel formation 
along the Dirty Devil River belong to the limestone- 
gypsum facies, whereas the Carmel near Ragged 
Mountain, on the southeast side of Mount Ellen, is 
an intermediate facies. 

The thinner red-bed facies of the Carmel formation 
extends along the southern part of Halls Creek and 
through mxost of the eastern part of the region. This 
facies consists mostly of red shaly sandstone inter- 
bedded with massive red or buff fine-grained sandstone. 
The massive sandstone grades laterally into the shaly, 
earthy sandstone. Chocolate-colored shale lenses are 
present at some places. The sandy beds are fairly 
consistent in thickness over small areas but the shaly 
ones thin out in short distances. Oscillation ripple 
marks are present although not abundant. 
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Figure 14.— Diagrammatic section illustrating lateral changes in the San Rafael group in tlie Henry Mountains region. Towards the southeast the Carmel formation thins 
and changes from a limestone-gypsum facies to sandy shale and sandstone. The Entrada sandstone thickens and becomes more massive southeastward. The Curtis 
formation thins out and the Summerville formation becomes thinner soulhwestwaid 
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Uiidulatory bedding is common in the red-bed fades, 
but tbe beds are not as contorted as tne gypsiferous 
parts of the formation. Bedding-plane surfaces are de- 
formed into a series of low dom^es and shallow basins 
which are com_m_onIy 50 to 100 ft in diam^eter and 
have a relief of about 10 ft. These structures are not 
present in the underlying Navajo sandstone, but the 
base of the overlying Entrada sandstone is involved at 
some places. 

The contact between the Carmel formation and 
Navajo sandstone is sharp and commonly is hum- 
mocky but the relief rarely exceeds a foot in a distance 
of 100 ft. Apparently there was no appreciable 
erosion between Navajo and Carmel lime. 

The upper part of the Carmel formation grades 
into the Entrada sandstone. At most places the 
lithologic change is abrupt at an undulatory bedding 
plane; but the plane of separation is not persistent 
laterally and as much as 50 ft of beds, which seem 
to be in the Carmel at one place, may appear to belong 
to the more massive Entrada nearby, Beds of 
massive buff-colored sandstone in many places form 
small rock knobs on Carmel benches and where these 
knobs are isolated it is often impossible to tell whether 
they represent one formation or the other. 

Marine fossds, mostly pelecypods, occur iii some ol 
the lim^estone beds along the Capitol Reef and along 
the Reef of the San Rafael Swell and are rather abun= 
clant in the nearby regions to the north where the 
limestone facies is thicker. These fossils indicate 
an early Late Jurassic age and are described as similar 
to those in the Ellis formation of Montana and in the 
lower part of the typical Twin Creek formation (Baker, 
Dane, and Reeside, 1936, p. 7). 

Physiographic expression. — ^Both the red beds and 
the limestone-gypsum facies of the Carmel formation 
are easily eroded and the formation has thus been 
stripped back from the rirns of the canyons and the 
higher parts of the hogback ridges. 

Along the canyons the Carmel form^ation generally 
forms upland flats interriipted by low rocky ledges, 
but here and there, especially in the red-beds facies 
towards the south, the upper part of the formation 
forms rounded buttes or irregular rounded cliffs be- 
neath a protecting cap of the more resistant Entrada 
sandstone. Where the upland flats lie to the leeward 
— -that is, to the northeast^ — ^of a wide expanse of En- 
trada sandstone they are made hummocky by sand 
that drifts eastward from the Entrada. Flats that 
are protected from this sand, like those isolated by 
canj^ons or those along the southern edges of Entrada 
areas, are covered by a very thin, locally derived soil 
having a fine sandy or silty texture and deep-red 
color like the parent material. Actually, this distribu- 



tion of soil is reflected in the geologic mapping because 
where the contact between the Carmel and Entrada 
faces northeastward it is generally obscured by sand 
and its position had to be inferred, but w^here it faces 
southwestward the outcrops are distinct and the 
position of the contact can be mapped accurately. 

Along the back side of the Waterpocket Fold, 
Capitol Reef, and the Reef of the San Rafael Swell 
the Carmel crops out in strike valleys. The lower 
beds of the Carmel extend onto the dip slope of the 
Navajo sandstone between each canyon or gully and 
make a highly serrate outcrop pattern (fig. 97). The 
topography along these stretches of Carmel outcrop 
is exceedingly rough and the relief is considerable 
because drainage off the hogback ridges is transverse 
to the belt of tilted beds. Except in the alluvium-filled 
bottom^s of the strike valleys, the slopes are stoop and 
soil is lacking or very thin and stony. 

Along the east side of Capitol Reef, where the Carmel 
contains thick beds of gypsum, the outcrop belt is 
wide and is crossed by several deep transverse valleys 
(fig. 94). Between these valleys are rough steep-sided 
hills, some of which have irregular tops and others 
have eastward sloping benches and are covered by a 
gypsiferous silty or sandy soil. 

Mode of deposition. — The marine sea in which the 
limestone of the Carrnel fornmtion was deposited 
probably advanced into the Henry Mountains region 
from the northwest (Baker, Dane, and Reeside, 1936, 
p= 54), because in this region the limestone thins 
southeastward and its place is taken by red beds. 
Most of the gypsum was deposited after the limestone. 
Gypsum and the red beds probably represent sedi- 
ments that accumulated in shallow basins at the 
margin of the sea. Thus, only the north part of this 
region was submerged; and although it was not sub- 
merged for a great period of time the sea that tempo- 
rarily spread southward into this region persisted in 
northern Utah and still farther north while the upper 
beds of the Carmel and the overlying formxations of 
the San Rafael group were being deposited in the 
Henry Mountains region. 

ENTRADA SANDSTONE 

The outcrop belt of the Entrada sandstone in the 
Henry Mountains region is more extensive than that 
of any other formation, and it forms the wide, sandy 
Green River, Burr, and Cane Spring Deserts. In 
these deserts the main part of the Entrada is buried 
by drifting sand; only the lowest beds, which cap 
knobs of the Carmel formation, and the uppermost 
beds, which are near the scarp of the Summerville 
formation, are exposed. Tn most of the eastern part 
of the Henry Mountains region, therefore, it is nearly 
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impossible to obtain accurate measurements of the 
thickness of the form^ation. 

Lithology and Thickness.— Mong the Waterpocket 
Fold and southeast flank of the San Rafael Swell 
the outcrop belt is narrow, and lateral changes in 
thickness and lithology can be observed. In general 
the formation thickens rather uniformly from about 
300 ft at the south end of the San Rafael Swell^to 
about 700 ft in the upper part of Halls Ureek. I'he 
fact that the Entrada sandstone thickens southward 
at about the same rate as the Carrnel formation thins 
und the fact that the contact between the two formations 
is gradational suggests that the lower part of the 
Entrada at the south grades northward into the upper 
part of the Carm^el. Lateral changes of this sort on a 
sm^all scale were noted at several places. 

The Entrada sandstone in southeastern Utah can 
be divided into an eastern sandy facies and a western 
red earthy facies. A considerable part of the change 
from one facies to the other takes place within the 
Henry Mountains region. 

In the western part of the basin the formation is 
olearly pari of the red earthy facies. The sandstone 
beds there contam a large proportion of clay or earthy 
material. Many of them are m^assive and structureless, 
but the bedding is fairly even and only a few beds 
are m.ore than 20 ft thick (fig. 20B). This earthy 
facies of the formation is poorly cemented and is 
not very resistant to weathering or erosion. The 
^tratigraphic sections of the Entrada along the Muddy 
River and Burro Wash are representative of the 
earthy facies in the Henry Mountains region. 

The stratigraphic section near Muley Twist Canyon 
(p. 67) is representative of the Entrada where it is 
transitional between the earthy and sandy facies. 
Structureless earthy layers there alternate v/ith massive, 
resistant, highly cross-bedded sandstone. 

Thick resistant beds of m^assive, cross-bedded sand- 
stone, typical of the sandy facies, are exposed in the 
lower part of the Entrada between Halls Creek and 
Bullfrog Creek a few miles above Halls Crossing. Sim- 
ilar beds are not so well exposed northeastward along 
the edge of Cane Spring Desert. The section at Pulpit 
Arch (p. 67) contains somewhat more earthy sandstone 
than does the typically sandy facies of the formation. 
Even in the sandy facies of the Entrada the cross 
beds are on a smaller scale and etched less deeply by 
weathering than in the Navajo. In some cross-bedded 
layers in the Entrada, hov/ever, the sand grains are as 
well frosted as in the Navajo. 

Thj^oughout the region the contact between the 
Entrada "sandstone and Curtis formation is an erosional 
Tmconformity. At many places gentle folds in the 
Entrada are"^ beveled by the Curtis (fig. 16), producing 



an angular unconformity between the two formations. 
The highest angle of divergence noted is 30°, at an 
exposure east of the Sandy ranches, but the angular 
unconformity probably is not due to pre-Curtis orogenic 
folding. The folds seem to be very shallow and do not 
affect strata below the upper part of the Carmel. In 
the gypsiferous parts of the Carmel and in the Entrada 
where the sandy and earthy facies are interbedded the 
bedding commonly is contorted. The unconformity at 
the top of the Entrada shows that the beds were con- 
torted before Curtis tim^e, prestmiably before the beds 
yrQj^Q yery well consolidated, and perhaps because of a 
squeezing in or out of gypsum, though why the gypsum 
should have been plastically deformed at that time is 
difficult to understand. 

pjiysiograpkic expression, — Throughout the eastern 
part of the structural basin, where the beds are nearly 
horizontal, the Entrada forms very broad uplands that 
are almost entirely covered by loose sand. The largest 
of these areas— the Green River Desert, Burr Desert, 
and Cane Spring Desert — each occupies a hundred or 
more square miles. Their surfaces are hummocky, for 
the loose sand is heaped a few feet high around the 
scattered shrubs. Only locally are there large dunes 
and the best examples of these dunes are on the Green 
River Desert. These sand-covered Entrada uplands 
comprise the dunal areas that are described separately 
in the chapter on physical geography. 

The massive sandstone beds in the sandy facies of 
the formation produce canyons but they are benched, 
are less regular, and their walls are much less steep 
than the canyon walls composed of Navajo sandstone. 
Widely separated sandstone buttes within the dunal 
areas are rather numerous and form conspicuous land- 
marks. The Gilson Buttes, Mollys Castle, Brigham 
Butte (fig. 92), Sorrel Butte, and Trochus Butte (fig. 
91 A) are examples. 

Along the foot of the escarpment formed by the 
Summerville formation the Entrada has been eroded 
into extensive pediments. Most are covered by gravel 
transported from the mountains but some of the pedi- 
ments are bare rock. At places along this escarpm^ent 
the upper beds of the Entrada have eroded very irreg- 
ularly and give rise to clusters of sm.all grotesquely 
shaped buttes, as at the locality known as Egypt, 
between North Wash and Poison Spring Box Canyon. 
The earthy facies of the formation has produced a 
strike valley where the beds are strongly tilted, as 
along the Reef of the San Rafael Swell, Capitol Reef, 
and north end of the Waterpocket Fold. The resist- 
ant layers form small hogbacks in the valley. By way 
of contrast, the sandy facies of the formation produces 
a major hogback, along the southern part of the Water- 
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Figure 16.-Uncoiiformity between contorted Entrada sandstone (Je) and the overlying Summerville formation (Js) between Trachyte Creek and North Wash. The 

Morrison formation (Jm) caps the scarp. 



pocket Fold and around the south side of the Mount 
Hillers stock. 

Mode oj deposition,— The Entrada sandstone has 
been correlated with marine limestone formations to 
the north (Baker, Dane, and Reeside, 1936, pp. 46, 55). 
Probably the earthy facies of the Entrada was deposited 
in shallow w-ater in partly, if not w^hoUy, landlocked 
basins m_arginal to the sea that lay to the north. Farther 
to the southeast the sandy facies was deposited, appar- 
ently by wind and streams, on what probably was a 
low, arid, coastal flat. 

ClJETIS FORMATION 

Lithology and thickness .—The Curtis formation is 
composed of greenish-gray conglomerate, sandstone, 
and shale containing Upper Jurassic marine fossils. 
It extends considerably north of the Henry Mountains 
region, but its southern edge is near the north edge of 
Tarantula Mesa and Poison Spring Box Canyon. 
South of this the Summerville form^ation overlies the 
Entrada sandstone. 

In the Henry Mountains region the formation is 
thickest along the edge of the San Rafael Swell where 
it ranges in thickness from 100 to 175 ft. From here 
the Curtis thins southward to approximately 100 ft in 
the vicinity of Hanksville, and thins out at the Poison 
Spring Benches (fig. 15). This thinning appears to be 
due partly to overlap southward against the Entrada, 
partly to thinning southward of beds within the Curtis, 
but m^ostly because of lateral change southward from 
Curtis to Sum_m_erville Kthology. An interpretation of 



the relations between the Curtis and Summerville is 
illustrated in figure 14. 

Most of the Curtis formation is sandstone in thin, 
rather persistent beds. Some beds are massive and 
cross-bedded, but they are only a few feet thick. Most 
of the sandstone is shaly and is platy or laminated. 
The shale is sandy except where it forms paper-thin 
partings between the sandy beds. In general the grain 
size of the sand becomxes finer upw^ard in the formation. 
Som_e beds near the base are gritty, but in m^ost of the 
higher beds the sand grains are less than 0.01 in. in 
diameter. Commonly the grains are coated with a 
green film that gives a greenish caste to the gray color 
of the formation. 

Thin, lenticular beds of conglomerate generally are 
present at the base of the formation and occasionally 
a conglomeratic bed is found within the formation. 
The pebbles include chert, limestone, quartzite, and 
shale. Few of them are as much as an inch in diameter. 
Along the flank of the San Rafael Swell the conglom- 
erate at the base of the Curtis flUs shallow^ depressions 
eroded into the top of the Entrada. 

Concentrated along bedding planes in the middle 
and upper parts of the formations are siliceous concre- 
tions and geodes that range from an inch to a foot in 
diameter. Most of them are irregularly ovate and five 
to ten times as long as they are high. Their outer 
surfaces are mammillary and are mottled orange and 
white. The cavities are lined with well-formed crystals 
of clear quartz and white or pink calcite and dolomite. 
Needlelike black crystals that were found in some of 
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the gcodes were identified as goethitc by W. T. Schaller 
of tlie Geological Suryey, 

Tlic Curtis everj^vhere grades into the overlyiBg 
SummcrviUe through a transition zone 5 to 50 ft thick 
in which gray sandstone of the Curtis type alternates 
with bro^vn fincr-graiiicd sandstone and shale of the 
Snininerville type. The boundary is near the top of the 
transition zone between the two formations. 

No fossils were found in the Curtis in the Henry 
Mountains region, although in a field on soil-covered 
Curtis near No torn a belemnite was found by a local 
resident. Fossils of species conanion to the Sundance 
have been reported from the Ciu^tis in the northern 
part of the San Rafael Swell. 

Physiographic expresinon,,^ At most places tlie Curtis 
forms smooth, gray slopes at the base of the escarpment 
formed by the Summervillc and Morrison formations. 
The slopes are steep and arc covered by a very thin 
mantle of tiny rock chips and finer material in part 
Uthosol derived from the overlying Sunimerville. 
Locally the lowest beds in the Curtis extend as a thin 
layer capping broad benches of Entrada sandstone. 

Mode of deposiiiori.. — The Curtis is interpreted as a 
marine deposit. The southeast shore line of the sea 
crossed the Henry Mountains region; to the north and 
w^est it probably connected with the extensive Jurassic 
sea in northern Utah and Wyoming. 

SUMMBWVILLE FOBMATION 

Lithology ami thickness.— In general the Summervillc 
fonuation is composed of well-bcddcd brown sandstone 
and shale and thins southward from about 250 ft at the 
north end of the region to about 40 ft in the valley of 
Halls Creek (figs. 14 and 15). But the formation 
thickens and thins irregularly and may vaiy as much 
as 100 ft in a few miles. 

The distinctive features of the Summervillc are its 
even bedding and reddish -brown color. The formation 
is composed of finG-graincd reddish-brown sandstone 
and sandy shale in beds 6 in. to 4 ft thick separated by 
thin partings of red, green, and purple shale. The 
sandy beds weather as smooth rounded flanges scparatetl 
by parallel grooves along the shaly beds. At some 
localities appreciable quantities of coarser white and 
greenish -white sandstone are intcrbcdded with the 
brown sandstone, but are inconspicuous because they 
are covered by wash from the brown beds. Ail the 
sandstone is fine-grained; some is cross-bedded on a 
small scale. Beds of gypsum are common in the 
northern part of the area but are absent to the south. 
Undulatory bedding was seen at Burro Wash, near 
Notom, but probably this is due to flowagc of the 
gypsum. Gypsum veii^s are abundant even where 
there are no gypsum beds* 



Five miles south of Hanks ville a gj-psiferous section 
of Summci*ville contains irregular masses of gypsum, 
some several feet in diameter, distributed along bedding 
planes. Most of this gypsum is white, but some is 
delicate pink. A 6-in. bed of brown limestone is 
present in the Summervillc at Baker ranch. Local 
erosional unconformities or diastems arc present within 
the formation at a few places. No fossils have been 
found in the formation. 

The Summervillc formation is unconfomiably over- 
lain by the Morrison formation. Channels in the top 
of the SummerviUe filled with gypsum or conglomerate 
of the Morrison are nimierous, especially in the north 
part of the region. Some of these channclt arc 50 ft 
deep. At some outcrops the unconformity is angular 
and the beds in the two formations diverge by as much 
as 5^ (fig, 17), Along the south side of the Reef of the 
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PlouRE J7.— Unconlomilty between the PumniervJlte forma tton (Js) and ovfrlying 

Morrison formation (JnO at tlie soutti side of the Poison Spring Beiiches. 

San Rafael Swell the Morrison locally cuts across 60 ft 
of Smnmerville beds in a mile. In general, however, 
the two formations appear to be structurally concordant. 

Generally where the base of tlic Morrison formation 
consists of coarse sandstone, conglomerate, or gypsum, 
the contact is recognised without difficulty, but in 
much of the region the basal Morrison beds closely 
resemble the Stmimcrville and the contact is gradational. 

Part of the irregular thickening and thinning of the 
Summei^vrille may be due to inconsistency in picking 
the base of the formation in the transition zone with 
the Curtis. But most of the irregularity probably is 
due to erosion of the upper vSummei-ville beds bcfor'* 
deposition of the basal Morrison. 

Physiographic expression. ^In the deserts tlie Suni- 
merville formation crops out in a steep escarpment or 
clifi that is capped by resistant sandstone or conglom- 
erate belonging to the base of the Morrison formation 
(fig. 18JB). This escarpment is a persistent topographic 
feature, both on the east side of the region where the 
dips are low and on the north and west sides where the 
formation is tilted 15"" to 30"*. 
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FifjimK IS.— A, Coal betl, iibout G ft thick» at tlio lop of the Perron .sandstone metnber of ihc Mancos shale. C)verlj ing it is the Blue Oate shale inemtvcf. View- at Pactory 
Butte coal tnine. B, Clifls bIohk Bullfrog Crwk Tuvar the mouth of Clay Canj'on. Jni, Morrison formation; Js, Summerville formation: Jc, Eritrada sandstone. Thoto- 
gmpb by R. L. Mlllir. C, Stwde Butte. Tho Mitiiiaverde rommtion caps tlie butte; the TVlnsut meTub<T of the Mancos simle forms the slope. 
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At most places only the uppermost part of the forma- 
tion stands in a cliff. Below it is a steep slope, approx- 
imately at the angle of repose, and continuous topo- 
graphically with the sloping outcrop of the Curtis 
formation where the latter underlies the Summ.erville. 
A sandstone or conglom_erate ledge of the Morrison 
formation forms the top of the cliff and commonly is 
slightly overhanging. 

On or near the mountains, where rainfall is greater 
and weathering is more severe than in the deserts, the 
Summerville forms low slopes and is poorly exposed. 
Depending on the topographic position these slopes are 
covered by a residual soil many inches thick or by deep 
coUuvium. 

Mode oj deposition. --The even bedding and slight 
variation in grain size of the Summerville indicate 
deposition in quiet water. Deposition of the Summ^er- 
ville in the southern part of the region began while the 
Curtis was being deposited in the north. When the 
Curtis sea withdrew northwestward, the Summerville 
sediments were deposited in the north part of the region 
too. Considerable erosion occurred after the Sum- 
merville was deposited and before deposition of the 
Morrison. 

MORRISON FORMATION 

The Morrison formation is composed of a few hundred 
feet of irregularly bedded conglomerate, sandstone, clay, 
and gypsum. It is widespread in the Rocky Mountain 
region and there has been much debate about its age 
and regional relations. The form^ation now is generally 
assigned to the Jurassic but there is a possibility that 
some of the beds at the top of the formation, at least 
locally, may be of early Cretaceous age. Gilbert 
(18776, p. 4-5) appUed the name Henry's Fork group 
to the rocks herein classed as the Morrison formation 
and Dakota sandstone. 

Lithology and thickness .—The outstanding feature of 
the Morrison in the Henry Mountains region is its 
heterogeneity, for it consists of discontinuous beds of 
conglomerate, sandstone, mudstone, shale, massive clay, 
limestone, and gypsum. Morrison colors arc equally 
heterogeneous, including red, purple, buff, green, bro^vn, 
gray, white, yellow, and black. Most of the sandstone, 
conglomerate, and gypsum are in the lower half of the 
formation, and the thickest beds of gypsum are at or 
near the base. The upper half of the formation (fig. 
9SB) is mostly clay and mudstone, whose lower part is 
variegated, and whose upper part is gray to white. 
The thickness of the formation is fairly constant, rang- 
ing between about 500 to 600 ft. The formation is 
exposed over about 200 sq mi of the region and underlies 
another 900 sq mi of the region. 

At several places a distinct crosional unconformity 
separates the Morrison from, the underlying Sum-mer- 



ville formation. At the north end of the region along 
the northwest side of Little Wild Horse Mesa, the 
Morrison fills valleys eroded at least 50 ft into the 
Sum^mxcrville (fig. 12C). The unconformity is also con- 
spicuous at the south edge of the Poison Spring Benches 
(fig. 17) where, in a distance of about 100 ft, a few feet 
of Summerville beds are overlapped eastward by the 
base of the Morrison. At most places, however, the 
unconformity can be identified only by tracing it along 
the outcrop for a considerable distance because the 
bedding in the two formations is practically concordant. 
The unconformity appears to be widespread, although 
it does not necessarily represent a great amount of time. 
The lowermost beds of the Morrison commonly are 
identical in color and texture to the Sum-merville but 
the Morrison beds are thicker and less regular. Their 
material probably was derived from the hills on the 
Summerville surface but may have been derived in 
part from the same source as the Summerville. Some 
lithologic details and major variations of the formation 
are illustrated on plate 4. In addition to the sections 
appearing on plate 4, detailed stratigraphic sections of 
the Morrison formation from locahties within or closely 
adjacent to the Henry Mountains structural basin have 
been published as follows: Emery, 1918, p. 575; Long- 
well and others, 1925, pp. 21, 22; Gregory and 
Anderson, 1939, p. 1841; Stokes, 1944, pp. 951-992. 

The lov/er part of thfe formation, known in the San 
Rafael Swell (Lupton^ 1914, p, 127) as the Salt Wash 
sandstone member, is disl^inctive everywhere in the 
Henry IVtountains region although it is not sharply 
separable from the upper clayey deposits and is not 
mapped separately for that reason. The sandstone 
beds have an aggregate thickness of 150 to 475 ft. 
They comprise very lenticular beds that thin laterally 
between beds of clay or sandy shale which in turn thin 
out between or grade into other lenticular beds of sand- 
stone or conglomerate. 

Most of the sandstone beds are resistant and form- 
ledges but a few of them, are friable and form slopes. 
They are cem_ented by lime and silica. Minor uncon- 
formities, or diastems, occur at the base of most of the 
beds. Chaimeling is very common. The grain size of 
the sand ranges from very fine to as much as a milli- 
meter; gi'it is not common, even in the matrix of the 
conglomeratic layers. Most of the conglomeratic layers 
are thin lenses, but some thick beds have pebbles scat- 
tered through them. Most of the pebbles are less than 
half an inch in diameter, although sizes up to 3 in. are not 
uncommon. Most of the large pebbles are sandstone, 
quartzite, or varicolored cherts. Interbedded with the 
coarse beds are thinner deposits of variegated sandy 
shale similar to the clayey beds in the upper part of the 
formation. The sandstone beds are mostly light gray. 
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tan, or white, but desert varnish commonly stains the 
weathered surfaces. This dark stain coats the con- 
glomerate pebbles as well as the sandstone matrix. 

At the north end of the region the lower 50 ft of the 
formation contains considerable gypsum that locally 
occurs in fairly thick beds containing abundant pebbles 
and sand. The bedding com^monly is contorted, so in- 
tensely at some places as to appear like a breccia. 
Throughout the area, sihcified tree trunks and chert 
concretions of irregular size and shape are abundant in 
the Salt Wash sandstone member. These silica deposits 
are varicolored, and polished specimens are very attrac- 
tive. At several places along the east side of the region 
from Poison Spring Box Canyon to Hansen Creek, the 
Salt Wash sandstone member contains small deposits 
of vanadium (p. 221). 

The upper, clayey part of the Morrison formation 
generally is divisible into tv/o parts, a lov/er variegated 
clay member and an upper gray clay member. Both 
form badlands. Most of the clay beds are an inch or 
two thick; fissile shale is rare. The variegated member 
has wide red and gray bands alternating with thin bands 
of green, purple, black, buff, and white but these color 
bands conform only approximately to the bedding. In 
detail the boundary between two bands cuts back and 
forth across bedding planes and locally follows joints. 
Moreover, the color of a bed may change laterally. A 
considerable part of the clay seems to be bentonitic, is 
probably of volcanic origin, and may be the source of the 
silica that is now concentrated in the petrified v/ood 
and concretions. The variegated clay member inspired 
the picturesque name Pinto Hills for the belt of 
country west of Hanksville. 

Limestone concretions and thin beds of limestone 
are present in the gray clay member and to less extent 
in the variegated clay and Salt Wash sandstone mem- 
bers. Most are dense and light-colored, although a 
few are brown and earthy. They form low ledges in 
the badlands and weather into nodules. 

Short thick lenses of gravel in unconsolidated sand 
or clay matrix are found sparingly in the gray clay. 
Som_e of the pebbles are 4 in. in diameter. Many 
are highly polished; many have minute parallel streaks. 
They may be gastroliths, or stomach stones of dino- 
saurs, but there is some question whether stomach 
stones would assume such polish and further doubt 
as to whether even a dinosaur would relish stomach 
stones as large as 4 in. in diameter, and in such large 
quantities. 

Petrified wood and dinosaur bones are abundant 
locally in the Morrison throughout the region. A 



very few pelecypod shells, presumably of fresh-water 
origin, were observed. 

Physiographic expression, — The Morrison formation 
is as varied in physiographic expression as it is in 
lithologic composition. In its outcrop belt pediments, 
hogbacks, badlands, and mesas are fouaid near Jone 
another; the soils vary from compact clay to loose 
sand. These several variations, however, are not 
chaotic. The resistant beds of sandstone and con- 
glomerate in the lower part of the formation produce 
hogbacks or mesas, depending on whether the dips are 
steep or flat. The loose sand, some in dunes, occurs 
on these surfaces. The clay beds in the upper part of 
the formation give rise to badlands (fig. 98.5) and 
pediments, both surfaced with a firm clay soil that 
very commonly is several inches thick. The lenticular 
sandy beds in the uppermost part of the formation 
generally produce a lov/ escarpment capped by the 
Dakota sandstone (fig. 12B), 

Valleys cut into ih^. beds of sandstone and con- 
glomerate have steep sides interrupted by rocky ledges. 
Valleys in the upper clayey beds are broad and open, 
and along many of them, especially around the foot 
of the mountains, extensive sheets of gravel many feet 
thick have been deposited. 

On the mountains even the most resistant beds of 
the Morrison formation develop only subdued topo- 
graphic forms. 

Mode oj deposition. — The Morrison formation repre- 
sents river and lake sediments deposited upon a little 
dissected and poorty drained surface. After some 
reworking of the Summerville formation^ deposition 
began with a series of coarse clastic deposits. Rather 
vigorous stream action is implied by the gravels that 
were deposited. The conspicuous channeling of the 
beds and the presence of logs in these coarse deposits 
suggests a flood-plain type of deposition. 

It is diflicult to visualize the conditions under which 
the gypsum and conglomerate were deposited together 
in the north part of the area. The bedding is usually 
contorted and the gypsum and clastic material are now 
thoroughly mixed, but originally they may have been 
in alternating beds of anhydrite and elastics which 
were contorted and mixed during the volume changes 
that accompanied conversion of the anhydrite to 
gypsum. 

The variegated and gray clay members evidently 
were deposited under very quiet conditions, onl}^ 
occasionally interrupted by a flood that deposited 
gravel or coarse sand. A considerable part of the clay 
may be of volcanic origin. 
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CRETACEOUS SYSTEM 



UPPER CRETACEOUS SERIES « 



The Upper Cretaceous formations in the Henry 
Mountains region were deposited near the west edge of a 
geosyncline whose axis was in the High Plains. The 
eeosyncline was flooded with marine waters that, in 
early Late Cretaceous time, connected the Gulf of 
Mexico with the Arctic Ocean, but later connected 
only with the Gulf. This geosynclinal sea was separated 
from highlands to the west by a broad plain, and 
sediments derived from the highlands were deposited 
on that coastal plain as well as in the geosynclinal sea. 

About one-third of the Henry Mountams region is 
covered by the Upper Cretaceous formations. All the 
coal in the region is in these formations. 

On the coastal plain, at a considerable distance 
from the sea, flood-plain and other flu via tile deposits 
of clay and sand accumulated. Along the seaward 
edge of the coastal plain the drainage was poorly 
integrated and was subjected to occasional flooding. 
In this belt swampy ground in depressions and dammed 
estuaries resulted in carbonaceous and coaly deposits. 
At the edge of the sea was a broad beach of clean sand 
but offshore the sand was mixed with mud. Farther 
offshore, where the water was too deep for effective 
wave action, black muds, rich m organic matter, 
accumulated, and these in turn graded eastward into 
m.ore calcareous sediments including lim^estone. 

If the rate of sinking of the geosyncline had exactly 
equaled the rate of influx of sediments the paleogeo- 
graphic features would not have been shifted. But 
at times the rate of deposition exceeded the rate of 
sinking so that the coastal plain was built eastward 
over the, top of older offshore muds. At other times 
the rate of sinking exceeded the rate of deposition and 
the marine waters spread westward permitting mud to 
accumulate on top of the older coastal plain. (Spieker 
and Reeside, 1925, pp. 429-438; Sears, Hunt, and 
Hendricks, 1941.) The site of the Henry Mountains 
was in this belt of mjgrator}^ shore line. The Dakota 
sandstone was deposited on top of the Morrison when 
the Late Cretaceous sea first spread westward. The 
shale members of the Mancos were deposited when the 
shore line was farther west, whereas the sandstone 
members were deposited when the costal plain and 
beach were built eastward. 

DAKOTA SANDSTONE 

The name Dakota has been applied rather loosely 
to the sandstone at the base of the Upper Cretaceous 

18 In addition to the stratigraphlc sections appearing here, sections of Cretaceous 
formations from localities within or closely adjacent to the Henry Ivloun tains region 
have been published as follows: Longwell, Miser, Moore, Bryan, and Paige, 1925, 
p. 21 ; Gregory and Anderson, 1939, p. 1841. 



in the Colorado Plateaus, although these deposits are 
not all contemporaneous. To express the uncertain 
age relations the Geological Survey hitherto has used 
the term ' 'Dakota (?) sandstone." In Gilbert's report 
(1877, p. 4) the name Henry's Fork group included 
the Dakota sandstone and underlying Morrison 
formation. 

The Dakota sandstone of the Colorado Plateaus 
generally is partly conglomeratic and contains abundant 
near-shore marine fossils. At some places the sand- 
stone is interbedded with coal and at other places with 
marine shale. 

Lithology and thickness,— In the Henry Mountains 
region the Dakota sandstone is not thick and at many 
places it is absent. Its areal distribution is shown on 
the geologic map (pi. 1), and the principal lithologic 
variations are shown by the sections on ngm^e 19. 
Like the Shinarump conglomerate, the lithology of the 
Dakota varies so much that no one section can be 
regarded as typical. 

The sandstone is usually fine-grained but locally 
it is gritty. It is moderately well cemented, light- 
colored, and stained by iron oxide to various shades 
of brown. Fossil shells in the sandstone include species 
of Gryphaea, Exogyra, Inoceramus, and some gastro- 
pods. The Gryphaea are by far the most abundant, 
are widespread, and commonly form reefs. 

Some of the sandstone beds are conglomeratic, 
others contain only an occasional pebble or thin lenses 
of pebbles. The pebbles may be as large as 2^ in. 
in diameter but most of them are less than an inch in 
diameter. They resemble the pebbles in the conglom.- 
cratic beds of the Morrison and in part at least were 
probably derived by reworking of those older deposits. 
For example, 3 miles west of Factory Butte a bed of 
conglomerate, about Di ft thick, at the top of the 
Morrison is entirely Uke the other conglomeratic lenses 
in the gray clay member of the Morrison except that 
the top 6 in. contains numerous broken fragments 
of marine shells belonging to the Dakota or basal 
Mancos. The conglomerate may have been deposited 
as part of the Morrison but when exposed to the 
advancing Upper Cretaceous sea the top part was 
reworked and sea shells became mixed with the gravel. 

Most of the shale in the Dakota is carbonaceous and 
there is som.e shaly coal (see p. 216). In Jet Basin a 
thick white clay containing considerable bentonitic ma- 
terial underhes the carbonaceous strata (fig. 19). 

In the north half of the Henry Mountains region the 
Dakota is absent at many places between locahties repre- 
sented by the sections on figure 19, but just how the thin- 
ning and lateral change occur was not ascertained. At 
Blue Valley a carbonaceous zone in the middle of the 
Dakota represents top-set beds that grade laterally to 
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sandy fore-set beds in the underlying sandstone. The 
top-set carbonaceous beds are truncated unconformably 
by the overlying sandstone. Northward the top-set 
beds thin out and the two sandstones come together, but 
this thinning of the carbonaceous beds may be due either 
to nondeposition or to erosion prior to deposition of the 
overlying sandstone. Still farther north the two sand- 
stones thin out and an oyster reef at the base of the 
Mancos shale rests directly on clay of the Morrison 
formation. 

It was at first assumed that such lenses of Dakota 
filled depressions in the top of the Morrison. Not only 
v/as this not proved, but there is som^e indication that 
the lenses of Dakota may be hillocks, or reefs, on the 
Morrison, because the overlying Mancos shale locally is 
turned up at the thinned edge of the Dakota sandstone. 

Physiographic expression. — Generally in this region 
the Dakota sandstone caps a low escarpment formed by 
the beds in the uppermost part of the Morrison forma- 
mation. The prominence of the escarpment and the 
width of the dip slope on top vary considerably and are 
largely controlled by the extent and thickness of the 
Dakota. 

Mode of deposition. — The Dakota sandstone repre- 
sents the transgressive littoral deposits that were formed 
when the Upper Cretaceous sea first spread westward 
across this region. 

MANCOS SHALE 

The Mancos shale is widespread in the Colorado Pla- 
teaus, but the rocks included in it do not everywhere 
have the same time range. Moreover, the name has 
not been applied consistently in different parts of the 
plateau. In the San Juan basin of New Mexico the 
name Mancos has been restricted to those deposits 
lithologically like the shale at the type locality near 
Mancos, Colo. The tongues of sandstone and con- 
tinental deposits that extend northeastv^rard into the 
shale there are classed as members of the Mesaverde 
formation (Sears, Hunt, and Hendricks, 1941). In 
eastern Utah, however, the usage has been to include 
such sandstone tongues as members of the Mancos shale 
and to restrict the term Mesaverde to those deposits 
overlying the Mancos (Spieker and Reeside, 1926, fig. 
2; Spieker, 1931, pi. 3). In accordance with the usage 
in adjoining parts of Utah the Mancos shale in the 
Henry Mountains region is divided into five members, 
as listed below. 

Members of the Mancos shale in the Henry Mountains region 

Top. ^««^ 

Masuk 1 member; interbedded shale, sandy shale, and 

sandstone 600-800 

Emery sandstone member: thick-bedded sandstone over- 
lain by carbonaceous and coal-bearing strata 200 

1 Name given by Gilbert, 1877b, p. 4. 



Members of the Mancos shale in the Henry Mountains region — Con. 

Feet 

Blue Gate i shale member; dark-gray, fissile shale 1, 500' 

Ferron sandstone member; thick=bedded sandstone over- 
lain by carbonaceous and coal-bearing strata 150-300 

Tununk i shale member; dark-gray fissile shale 525-650 

Base. 

Analyses of samples of Mancos shale, collected in 
adjoining regions, average more than 2 percent of 
water-soluble salts. The salts are mostly calcium, 
magnesium, and sodium sulfates but there arc small 
amounts of calcium bicarbonate, sodium, chloride, and 
sodium nitrate (Stewart and Peterson, 1917, p. 388). 
Presumably the Mancos shale in the Henry Mountains 
region contains similar amounts of these salts because 
there are salt crusts at seeps or other places where 
groundwater escapes to the surface. 

Tiiiiunli sliale memfcer 

Lithology and thickness. — The thiclaiess of the. 
Tununk shale member averages about 575 ft but 
ranges from, about 525 to 650 ft. The member con- 
sists of dark-gray, fissile shale containing a few thin 
layers of bentonite near the base and top and a few 
thin, calcareous and shaly sandstone layers near the 
middle. At the top is a series of interbedded sandstone 
and shale beds where the member is transitional inta 
the overlying Perron sandstone member. The Tununk 
varies but little from place to place, and the following- 
two sections are representative of the member in this 
region. 

Section of Tununk shale member, north end of Jet Basin 

Ferron sandstone member at top. The contact is taken arbi- 
trarily at the base of a 20-ft sandstone ledge, the top of 
which is 20 ft below the thick sandstone in the lower part of 
the Ferron. 

Tununk shale member: 

1. Sandstone and sandy shale; sandstone mostly in Ft in. 

beds about 1 to 3 in. thick but a few are 1 ft 
thick; oscillation ripple marks abundant; som_e 
beds of shale a few inches thick 100 

2. Shale, fissile, black, weathers blue-gray, bedding 

even ^ ^ 

3. Bentonite - 

4. Shale, like unit 2 6 (> 

5. Bentonite 1 6 

6. Shale, like unit 2 120 

7. Shale and sandstone; shale fissile, in beds 1 to 2 
in. thick; sandstone fine-grained, cross-bedded, 
in beds 1 in. or less in thickness 50 

8. Shale, like unit 2 185 

9. Shale, like unit 2, with 6 in. of calcareous fine- 
grained sandstone at base and 1 ft of calcareous 
fine-grained sandstone at top ^ ^ 

10. Shale, like unit 2 18 

11. Bentonite, sharp contact with unit 12 1 

12. Shale, like unit 2 18 

13. Bentonite, contains considerable limonite, sharp 
contact with unit 14 ^ 
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Section of Tununk shale member, north end of Jet Basin — Con. 

Ft. in. 

14. Shale, like unit 2 17 o 

15. Bentonite, shaly and iimonitic 2 

16. Shale, like unit 2, except it contains a few oyster 

shells, mostly Gryphaea newherryi, near middle. 8 



Total thickness of Tununk shale member 
about 540 

Dakota sandstone at base. Sharp contact with conglomerate. 

Section of Tununk shale member of Mancos shale, in A^T^K sec. 

21, T. 29 S., R. 8 E. 
Ferron sandstone member at top. Contact arbitrarily taken at 

base of a series of interbedded sandstone and shale beds. 

Contact is sharp with channels eroded 6 ft deep in the top 

of unit 1. 
Tununk shale member: 

1. Shale, gray, with very thin sandy shale and sand- Ft. in. 

stone beds in top GO ft 238 

2. Bentonite, sandy 2 

3. Shale, gray 12 

4. Bentonite, sandy 2 

5. Shale, gray 6 

6. "Bentonite, sandy 2 

7. Shale, gray, and thin-bedded sandstone; shale 

beds 1 ft thick separated by calcareous sand- 
stone in well-laminated thin beds. Fossils, 
poorly preserved, representative of Carlisle 

fauna in calcareous sandstone near top 31 

8. Shale, gray 260 

9. Shale, sandy 1 Q 

10. Shale, gray 12 

11. Bentonite, shaly 1 

12. Shale, gray 34 

13. Bentonite, shaly and gray 3 

14. Shale, gray 14 Q 

15. Bentonite, local lens 1 

16. Shale, gray 8 

17. Bentonite 1 

18. Shale, gray; oyster shells, mostly Gryphaea new- 

herryi m lower 2 it 21 

19. Bentonite, clean, white 8 

20. Shale, gray. Base of Mancos 3 



Total thickness of Tununk shale member 
about 640 

Dakota sandstone at base. Poorly consolidated, abundance of 
oysters, mostly Gryphaea newherryi. 

Some of the bentonite beds are white but most of 
them are stained yellow or brown, presumably by 
hydrous iron oxide. They contain abu?idant biotite 
flakes and many of the beds near the top of the member 
are sandy. Only a few of the beds are as much as 
iVz or 2 ft thick. No attempt was made lo trace 
laterally individual bentonite beds, but they do not 
appear to be persistent because no two of the strati= 
graphic sections measured show the sam_e num_ber of 
beds. 

Physiographic expression. — In most of the deserts 
the outcrop of the Tununk shale member forms an 
asymmetric valley. One side of the valley is steep, 



rising to an escarpment, generally a few hundred 
feet high, capped by the Ferron sandstone member; 
the other side, much less steep and much- lower, rises 
onto the dip slope of the Dakota sandstone. The 
width of the valley varies inversely with the tilt of 
the beds, but the asymmetry persists (fig. 20). Ex- 
tensive areas in the valley are covered with alluvium; 
adjoining these alluvial bottoms are fairly extensive 
pediments, many of which, near the foot of the moun- 
tains, have been blanketed by several feet of gravel. 

Badland topography in the valley of the Tununk 
shale m^emxber generally is restricted to a narrov/ belt 
of irregular low hills at the foot of the escarpm^ent 
under the Ferron sandstone mem.ber. 

Weathering of the shale on the smooth surfaces 
of the pediments yields moderately compact clay a 
few inches thick, but where the shale surface is gently 
undulating weathering yields a foot or more of fluffy 
aggregate composed of tiny flakes of shale, bits of 
clay, and particles of sand. This soil, if it can be 
called soil, is easily moved about by the wind and 
locally coUecis in small dunes. To the traveler it 
combines all the disadvantages of loose sand when 
dry and deep sticky mud v/hen Vy^ct; even the lizards 
avoid it. This soil is not confined to the obviously 
bentonitic zones and its peculiar behavior may reflect 
the presence of other unusual constituents. 

Alode oj deposition, — The Tununk shale member was 
deposited as marine muds when the Upper Cretaceous 
sea first advanced westward across this part of Utah. 
The shale contains a fauna of late Benton age (Spieker 
and Reeside, 1926, pp. 436-437). The lowest few 
feet of the member everywhere contain an abundance 
of oysters but other marine shells are largely restricted 
to the limy, sandy beds in the upper part of the 
member. 



Ferron saiKlstone meinber 



The type locality of the Ferron sandstone mxembcr 
is in Castle Valley near the town of Ferron (Lupton, 
1914, p. 128. In the southern part of that valley the 
Ferron is about 800 ft thick but it thins to about 75 
ft at the northeast end of the valley and this thinned 
part becomes increasingly shaly eastward. At the 
town of Green River it is represented only by very thin 
sandy beds in the thick shale of the Mancos. The 
Ferron sandstone member in the Henry Mountains 
region is isolated from the type locality but the two 
are lithologicalK^ similar and each has a late Benton 
fauna at the base and a Niobrara fauna in the over- 
lying beds. In Gilbert^s report (1877b, p. 4) the name 
Tununk sandstone was applied to this member. 

Lithology and thickness. — Along the west edge of the 
Hemy Mountains region the Ferron is almost 300 ft 
thick, but it thins eastward to about 150 ft (fig. 21). 
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Fm CHE 20.— Views of the hogback ridges. A, View of tbe Mancos shalo northeast along the Cainnville R<*of. Kme, Emery sandstone member; Kmbg, Bluo Gat(* shale member; Kmf, Ferron sandstDUO mGmher; Xmt, 
Tununt shale, monibera of the Mancos shale. Photograph by George Grant, Department of the Interior, B, Entra^a sandstone at the Roof of the San Rafael Swell. View east^ about 1 mUe east of the Muddy River. 
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Judging from the tliiruiirjg and lateral change of the 
Ferron northeastward in Castle Valle^^ and eastward 
to Green River, the probability is that the Ferron 
n.ever did extend far east of the Henry Mountains. 

In most parts of the region the Ferron consists of 
three hthologic units, each having about the same 
thickness. At the base is a sequence of interbedded 
sandstone and shale; overlying this is massive sand- 
stone; at the top i§ lenticular carbonaceous and coal- 
bearing shale and sandstone. 

The Ferron sandstone member is entirely transitional 
with the Tununk shale member. Across the north and 
south ends of the Henry Mountains region sandstone 
beds at the base of the member become separated from 
higher sandstone by the introduction of shale tongues. 
Eastward these shale tongues thicken and the sand- 
stone beds beneath them become increasingly shaly and 
do not form a suitable boundary for mapping purposes. 
Consequently the line on the map (pi. 1) representing 
the base of the Ferron has been intentionally shifted 
at two localities to higher horizons eastward. Across 
the southern part of the basin, where the beds are 
nearly horizontal, the basal sandstone tongues persist 
far south of the escarpment of massive sandstone, so 
the approximate outcrop of these sandstone tongues 
Las been showTi by a dashed line in the Tununk m^em^ber. 
The sandstone in the Ferron is m-ostly fine-grained 
but locally contains som_e grit. Most of the beds are 
€em.ented with lime and are hard, but some are cemented 
only by small quantities of clay between the sand grains 
and are friable. Moderate staining by iron oxide has 
produced light shades of tan. Thick beds are generally 
cross-bedded but the thin beds tend to be finely lami- 
nated. At a few localities the sandstone tongues at 
the base of the member contain abundant large casts 
and molds of Inoceramus. 

The upper beds of the Ferron are highly carbonaceous 
and very lenticular. They consist of weakly cem^ented 
sandstone, shale, carbonaceous shale, and coal (figs. 
18^, 98(7) but the proportions of the different materials 
vary in short distances. The sandstone is light-colored 
l3ut the shale generally is brown streaked with black 
coaly layers. The distribution of the thicker coal beds 
is shown on plate 22. Considerable plant material is 
preserved in the form of carbonaceous deposits, leaf 
impressions, and as petrified wood. This wood consists 
of light-colored silica containing streaks of carbona- 
ceous and nonsiliciiied bands and lacks the bright 
colors that characterize the petrified v/ood in the 
Morrison formation. 

At most places a sharp contact separates the Ferron 
from the overlying Blue Gate shale m.em-ber of the 
Mancos. At som.e places the evenly bedded, dark-gray, 
marine shale of the Blue Gate rests directly on lenticular 



beds of sandy carbonaceous shale or coal, but at other 
places sandstone, in part conglomeratic, is at the contact. 
This sandstone, like the Dakota sandstone, may thin 
from more than 20 ft to nothing in a few hundred feet. 
Moreover, it does not fill depressions in the top^of the 
Ferron but occurs as ridges, like old bars, on the Ferron. 
The base of the sandstone at most places is marked by 
a sharp erosional unconformity, whereas its top is grada- 
tional with the overlying marine shale. Where the 
sandy beds are absent the marine shale generally rests 
with sharp erosional unconformuty on the carbonaceous 
shale. 

Physiographic expression.— The sandstone beds in the 
lov/er part of the Ferron cap the escarpment that faces 
the valley cut in the Tununk shale member. Where the 
dips are low the coal-bearing beds have been stripped 
far back from the rim of the escarpment, leaving a broad 
dip slope of the sandstone that is thinly covered by 
sandy soil. Where the dips are steep the dip slope is 
narrow and largely bare rock. At the foot of the dip 
slope is a low, broken and irregular escarpment formed 
by the upper beds of the Ferron. 

Mode oj deposition,— T\\Q Ferron sandstone member 
was deposited when the rate of deposition in the Upper 
Cretaceous sea exceeded the rate of subsidence of the 
geosyncline, permitting the littoral and coastal plain 
deposits to be built eastward over the earlier m^arine 
muds represented by the Tununk shale m-em.ber. Sand- 
stone in the lower part of the m_ember represents the 
littoral deposits. The carbonaceous beds represent the 
deposits on the coastal plain west of the beach. Origi- 
nally the deposits probably extended only a little 
farther east than the Henry Mountains. Further accu- 
mulation of them was stopped when the sea again ad- 
vanced westward, either because of quickened subsi- 
dence of the geosyncline, or because the influx of 
sediments was retarded while gradual subsidence 
continued. 

The lenticular sandstone locally present at the top of 
the carbonaceous series probably is a transgressive 
beach deposit like the Dakota sandstone. The great 
thickness and extent of sandstone at the base of the 
Ferron compared to that at the top provide another 
illustration of how regressive sandstone is much better 
developed than tran^ressive sandstone in the Upper 
Cretaceous deposits of the Colorado Plateaus (Sears, 
Hunt, and Hendricks, 1941). 

Blue Gate sliale inemt>er 

Lithology and thickness,— The Blue Gate shale mem- 
ber, about 1,400 ft thick, lithohgically resembles the 
Tununk shale member of the Mancos in being com- 
posed almost wholly of dark-gray, finely laminated 
marine shale. The shale includes some very thin beds 
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of bentonite, slialy sandstone, and sandy or shaly lime- 
stone. 

The lower two thirds of the member is alm^ost hom.o- 
geneous, laminated shale except for a few slightly sandy 
or calcareous layers. The upper third of the member 
contains numerous beds of platy calcareous sandstone 
and their number and thickness increase upward, pro- 
ducing a zone transitional with the overlying Emery 
sandstone member of the Mancos Marine fossils col- 
lected from the upper part of the shale indicate that the 
upper 600 to 700 ft are of early Montana age (Spieker 
and Reeside, 1926, p. 428; Reeside, 1927, p. 5). 

Physiographic expression.— Tha Blue Gate shale mem- 
ber forms an asymm_etric valley which is som.ev/hat hke 
that formed by the Tununk, but which is mjach larger 
and contains extensive badland hills (figs. 98^, 99, 100). 
These hills have sharp crests, and steep sides that are 
guUied and faintly ribbed by the sandy and calcareous 
layers. 

Much of the valley formed by Blue Gate shale is 
floored by alluvium and broad pediments rise from 
under the alluvium to the foot of the shale hills on either 
side of the valley. These pediments have a compact 
clay soil except near the mountains where they are 
blanketed by several feet of gravel. 

Mode of deposiMon.— The Blue Gate shale member w^as 
deposited as marine mud wlien the Upper Cretaceous 
sea spread westward over the coastal-plain deposits 
that are represented by the upper part of the Ferron 
sandstone member. Deposition of the marine muds 
ceased when the rate of subsidence of the geosyncline 
was slowed down or the rate of influx of sediments from 
the west was increased and the beach and coastal plain 
again shifted eastward. The transition zone of inter- 
bedded shale and sandstone at the top of the member 
indicates that the shift w^as gradual and not abrupt. 

Emery sanOstone meral>er 

The Emmery sandstone miember of the Mancos shale 
was named by Spieker and Reeside (1925, p. 439) to 
include the sandy and carbonaceous beds about 1,000 
ft below the top of the Mancos near the town of Emmery 
in Castle Valley. Between the type locaHty and the 
Henry Mountains region the sandstone has been 
removed by erosion and it cannot be traced into this 
region, but the name as used in this report is apphed to 
beds in the same stratigraphic position, which are htho- 
logically hke the type Emery and which overlie shale 
beds containing a marine fauna equivalent to the fauna 
in the beds beneath the type Emery. In Gilbert's 
report (1877b, p. 4) the name Bluegate sandstone was 
used. 

Lithology and thickness. — In the southern part of 
Castle Valley the Emery sandstone is about 800 ft 
thick but at the north end of the valley it thins to 100 ft 



and grades eastward into marine shale. In the Henry 
Mountains structural basin the Emery is about 250 ft 
thick. It is largely restricted to the two or three town- 
ships in the deepest part of the basin. The lateral 
change eastward from, the type locahty indicates that 
the Emery, hke the Ferron, probably never did extend 
far east of the Henry Mountains. 

The Emery closely resembles the Ferron in consisting 
of a thick basal sandstone that overhes interbedded 
sandstone and marine shale and is overlain by carbo- 
naceous and coal-bearing deposits. No important lateral 
changes in gross Hthology or thickness were observed in 
the region and the following stratigraphic section is 
representative. 

Section of Emery sandstone member, east side of Bullfrog Creeh, 
half a mile below Cave Camp 

Top. Sandstone, 66 ft thick at base of Masuk member. Feet 

1. Shale, carbonaceous, with thin streaks of coal 19 

2. Sandstone, thin-bedded 2 

3. Shale, carbonaceous and sandy _ 5 

4. Coal !^"['' 1 

5. Coal, shaly 2 

6. Coal Q 

7. Shale, carbonaceous and sandy 7 

8. Sandstone, thin-bcdded 5 

9. Shale, carbonaceous 5 

10. Sandstone, massive; top 10 ft thinly bedded 78 

11. Sandstone, massive, in beds 5 to 10 ft thick separated 

by shale in beds 2 to 3 ft thick lOO 



Total thickness of Emery sandstone member __ 
Base. Interbedded sandstone and shale at top of Blue 
Gate shale member. 
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Other measured sections show thicknesses ranging 
from 198 to 257 ft but probably a considerable part 
of the variation in thickness is due to inconsistency in 
selecting a base in the transition zone that underhes 
the member. Lateral changes such as were observed 
in the Ferron, were not found in the Emery sandstone 
member, probably because of the hmited area covered 
by the Emery. The distribution a.nd lateral changes 
of the thicker coal beds in the Emery are shown on 
plate 22. 

A moderately thick, massive sandstone generally is 
present at the top of the Emery m_em_ber. This 
sandstone, which is regarded as the base of the Masuk 
member, is analogous to the lenticular sandstone at the 
top of the Ferron. It rests on the carbonaceous shale 
beds with sharp erosional unconformity but locally 
it has the form of a channel deposit and extends many 
feet into the underlying beds. An excellent coal bed 
at the top of the Ernery at South Creek is cut off by this 
sandstone a mile south of the creek and a little farther 
south a considerable part of the carbonaceous beds 
in the upper part of the Emmery is cut out also. The 
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base of the sandstone rises again to the south and 
lenticular sand}^ carbonaceous shale and coaly beds 
reappear in the vicinity of Stephens Narrows. 

Most of the carbonaceous beds are brown, sandy, and 
irregularly lenticular. Sandstone layers interbedded 
with the carbonaceous shale are fine-grained or coarse- 
grained and commonly contain more or less car- 
bonaceous material. 

The thick massive sandstone underlying the car- 
bonaceous beds is light yellow or light gray, fine-grained, 
and evenly bedded in horizontal layers 2 to 10 ft thick. 
The layers are cross-bedded and locally contain con- 
cretions a f evv^ inches in diameter and cemented by iron 
oxide. The massive sandstone invariably forms a 
prominent scarp. 

Sandstone interbedded with shale beneath the 
massive sandstone is also fine-grained, laminated, or 
platy and indistinctly cross-bedded. These beds be- 
come increasingly shaly downward where they grade 
into the Blue Gate shale member. 

Physiographic expression. — Topographically the out- 
crop of the Emery sandstone member resembles that 
of the Ferron. An escarpment formed by the sandstone 
faces the valley of the Blue Gate shale member and 
where dips are low the back side of the escarpment 
is a long dip ?lope (hg. 95^1). This escarpment is 
much higher than that form^ed by the Ferron. Outliers 
of the Emmery form large mesas^ like those at Caineville. 

Mode oj deposition. — The Emery was deposited over 
the Blue Gate shale member in the same way as the 
Ferron was deposited over the Tununk shale member, 
by the sea being crowded eastward when the rate of 
deposition exceeded the rate of subsidence in this part 
of the geosyncline. 

Masiilt memtoer 

Lithology and thickness. — The Masuk member of the 
Mancos shale ranges from 600 to 800 ft in thickness, 
the variation largely depending upon where the bound- 
ary is placed in the transition zone between it and the 
overlying sandstone of the Mesaverde formation. The 
Masuk member differs from the Tununk and Blue 
Gate shale members of the Mancos in being composed 
of irregularly bedded, sandy gray shal(\ sandy carbo- 
naceous shale, and sandstone. It differs from the 
upper part of the Ferron and Emery sandstone mem- 
bers in having niuc^h less carbonaceous material, sev- 
eral marine zones, and more regular bedding. The 
number and thickness of the sandstone beds increases 
upward and provide nearly perfect transition into the 
massive sandstone of the overlying Mesaverde. The 
Masuk member is easily eroded and forms a long slope 
below the cliffs of Mesaverde sandstone (fig. ISC), 



The Masuk m_ember contains some finely laminated, 
gray shale but most of the shale is sandy, carbonaceous 
and even coaly. Petrified wood is common although 
not abundant. The sandstone may be fine-grained or 
gritty and the bedding may be platy or massive. 
Beds in the lower part of the member contain fossil 
shark teeth mixed with marine shells that are indica- 
tive of shallow-water deposition. The following sec- 
tion is typical of the member. 

Section of Masuk member at Bitter Creek Divide 



Top. Massive sandstone of Mesaverde formation. 
Masuk member: 

Ciay, brown and earthy 

Sandstone, light-tan and yellow; about 0.1 mm. sand 
grains; massive bedding; poorly cemented and fri- 
able; locally contains small pebbles 

Sandstone and shale in about equal proportion; shale, 
gray, in beds 1 to 8 ft thick; sandstone, light-yellow, 

in beds 1 to 15 ft thick 

Shale, partly sandy, mostly dark, some light-colored 

bands 

Sandstone, light-yellow, m.ostly shaly 

Sandstone, light-yellow and shaly; some resistant 
ledges; includes 10 ft of earthy, brown, slightly car- 
bonaceous shale near top 

Sandstone and shaly sandstone; top 20 ft is hard and 

forms cliff 

Shale, gray clay, with two thin sandstone beds 

Sandstone, cross-bedded; some beds hard, others soft 

and friable; includes minor amount of shale 

Shale, gray 

Sandstone, fine-grained; hard; forms ledge 

Shale, gray and brown, very shaly coal and coaly streaks 

4 ft above base 

Sandstone, white, fine-grained, cross-bedded 

Shale, some earthy sandstone 

Sandstone, massive, poorly cemented, white, fine- 
grained 



Feet 
8 



16 



87 

02 
160 



50 

95 
45 

122 
8 
5 

23 

52 

18 

36 



Total thickness of Masuk member 787 

Base. Emery sandstone member. 

Physiographic expression. — The Masuk member is 
easily eroded and forms an asymmetric valley some- 
what like that of the Blue Gate and Tununk shale mem- 
bers but the Masuk is more sandy and the sandy beds 
form benches and ledges rather than finely textured 
badlands. 

Tvlode OJ deposition. — The Masuk member appears to 
have been deposited during a period when the shore 
iw^e of the Upper Cretaceous sea was subjected to 
rapid shifting back and forth across the site of the 
Henry Mountains. Moreover, clean sandy beach de- 
posits did not accumulate until near the close of the 
period represented by the member. The region appears 
to have been a sand and mud flat, at times built slightly 
above the water level, but subjected to repeated marine 
flooding. 
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MESAVEP.DE FOBMATION 

Liihology arid thickness. — In the Henry Mountains 
region the Mesaverde formation is only 400 ft thick and 
is composed entirely of sandstone. Presumably the 
formation originally was much thicker but the upper 
beds have been removed bjr erosion. Gilbert (1877b, 
p. 4) referred to the formation as the Masuk sandstone. 

The Mesaverde formation is light-tan, mostly fine- 
grained sandstone but locally is conglomeratic and con- 
tains pebbles an inch in diameter. Generally the 
sandstone is in thick beds that are conspicuously cross- 
bedded and separated from one another by thin partings 
of shaly sandstone or well-bedded platy sandstone. 

Physiographic expression.— T\iq Mesaverde in this 
region is preserved only in the very center of the struc- 
tural basin, vfhere dips are very low. It forms the flat 
top of Tarantula Mesa and caps other small mesas 
nearby (fig, 18(7). 

^Mode oj deposition. — The sandstone of the Mesaverde 
in this region represents a clean beach deposit Uke the 
sandstones at the base of the Ferron and Emer}^ sand- 
stone members of the Mancos. Presumably the sand- 
stone was formerly overlain by carbonaceous and 
coal-bearing sandstone and shale as in Castle Valley 
and the Book Cliffs but the higher deposits have been 
eroded from the Henry Mountains region. 

STRUCTURAL GEOLOGY AND FORMS OF THE IGNEOUS 
INTRUSIONS 

HISTOPvIOAL REVIEW OF THE LACCOLITHIC COKTCEPT 

To appreciate fully the importance to geology of 
Gilbert's report on the Henry Mountains it is necessary 
to recall the general status of knowledge of intrusions 
at the time his work was done. The igneous origin of 
intrusive rocks had been in debate even as late as the 
1830's, although it was generally accepted after that 
time. During the 1840's and 1850's several papers v/ere 
pubhshed discussing the physical-chemical processes 
that might give rise to volcanic action and to the vari- 
eties of igneous rocks. The structure of volcanos re- 
ceived considerable attention as geologists debated 
whether volcanic mountains were due to surface accu- 
mulation of eruptives or to domal uplift of the strata 
dipping oil the flanks, but very Httle attention was 
given to the shape of intrusive bodies and the structures 
produced by them. 

The significance of dikes and sills was recognized 
through the first half of the nineteenth centmy and in 
1839 Murchison (1839, p. 110) introduced the term 
"boss" for the irreguJar, knoblike, igneous m.asses in the 
sedimentaiT formations of Shropshire, England = How- 
ever, geologists were reluctant to accept the fact that 
large igneous masses may be intrusive into, and yoimger 



than, thek host rocks. Thus, during the 1870*s geolo- 
gists of the 40th Parallel Surve7y interpreted the stocks 
of western Utah as protuberances of the crystalline 
basement overlapped by the sediments around them^ 
(Hague and Emmons, 1877, p. 353). It was not imtil 
near the end of the nineteenth century that these masses 
became generally accepted as intrusive. 

To persons interested in laccoliths one of the most 
pertinent early observations on intrusive structures was 
by Lyell in 1833. At a locality on the east coast of 
Sicily he found (Lyell, 1833, pp. 79-80) '** * * ^^ 
mass of stratified marl * * * on * * * colum- 
nar lava which appears to have forced itself into, and to 
have heaved up the stratified mass.'' 

Laccoliths were first described in a paper that Gilbert 
read before the Philosophical Society of Washington, 
February 24, 1877 (1877a, p. 447), but only a brief 
abstract was published and interest in it is wholly 
historical. 

Gilbert's report on the Henry Mountains, however, 
was the first to recognize clearly the structural signifi- 
cance of intrusions. Two pages of his report are 
devoted to presenting evidence that the Henry Moun- 
tains laccoliths are intrusive (1877b, pp. 51-52). The 
evidence presented is conclusive and is suiimaarized as 
f oUov/s : 

No fragment of the porphyry could be found in the associated 
strata; the porphyry is nowhere vesicular or fragmcntal; '^ 
the arching of the strata over the intrusions at many localities 
exceeds the angle of repose, therefore the strata have been 
disturbed; sheets locally crosscut to a higher or lower hori- 
zon; the roof rocks as well as the floor rocks are metamor- 
phosed. 

In spite of such conclusive evidence many geologists 
retained their doubts. Reyer (1888, p. 135) for example 
insisted that the laccoliths must be surface eruptions that 
had been buried by the overl3dng sediments. Neumayr 
(1887, p. 180) stated that the evidence for the Hem-y 
Mountains laccoliths being intrusive is very convincing 
but so surprising that further confirmation is needed. 

About the same time that Gilbert was working in the 
Henry Mountains, A. C. Peale and W. H. Holmes, of 
the Hayden Survey, were making reconnaissance exam- 
inations of the isolated mountain groups of western 
Colorado and eastern Utah (Holmes, 1876, pp. 59-71; 
1877, pp. 237-276; 1878, pp. 189-193; Peale, 1877, 
pp. 551-564). Their observations were necessarily hur- 
ried and they could not fully decipher the intrusive 
structures, but as they saw more and more intrusions 
they realized that the structures dift'ered from anything 
previously known. They noted that the mountains are 
the result of igneous intrusion and not orogenic folding 
and that the intrusions were squeezed between the 

17 This is true so far as the laccoliths are concerned but the porphyry is breeciated 
and fragmented in the shatter zone adjacent to the stocks. 
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Figure 22.— Holmes' concept of the form of the intrusions at El Late Mountains. 

strata thereby uplifting the higher rocks and leaving 
the underlying rocks undisturbed (fig. 22). 

Gilbert-s report on the geology of the Henry Moon- 
tains clearly described his concept of the form of 
laccoliths, which he developed fully in his field notes 
after examining Table Mountain. Parts of his report 
are verbatim from those notes. Table Mountain is 
very nearly a mushroom intrusion (figs. 39, 40) having 
steep sides, strongly convex shoulders, and gently 
rounded upper surface and he conceived this to be the 
ideal form of laccolith (fig. 23). However, he recog- 
nized that the laccoliths on the north side of Mount 
Pennell are linear bulges that *'. . . jut forth from the 
north flank like so many dormer windows." (Gilbert, 
lS77b, p. 38.) 

Gilbert not only described the form of the intrusions, 
but he proposed a mechanism by which they may have 
developed. The problem, as discussed by him. was 
not the source and propelling force of the magma but 
the circumstances that determined its stopping place. 
His reasoning led him to seek controls inherent in the 
active intrusive force whereas most later workers have 
reasoned that the passive forces within the invaded 
strata were dominant. He reasoned that (Gilbert, 
1877b, p. 75): 

The coincidence of the laccoUthic structure with a certain 
type of igneous rock is so persistent that we cannot doubt that 
the rock contained in itself a condition v/hich determined its 
behavior. 

We are then led to conclude that the conditions which deter- 
mined the results of igneous activity were the relative densities 
of the intruding lavas and of the invaded strata; and that the 
fulfillment of the general law of hydrostatics was not materially 
modified by the rigidity and cohesion of the strata. 

His presentation of this thesis was followed by a 
comprehensive anatysis of the densities of the por- 
phy^r^T- and sedimentary rocks, factors influencing 
arching of the overlying strata, thickness of overburden, 
and limital size of laccoliths. But the discussion was 
based on the premise that the m_agm.a was almost per- 
fectly fluid and the country rock almost homogeneous 
and that therefore the intrusions could obey strictly 
the general laws of hydrostatics. Other equally im- 
portant or m_ore important factors were overly mini- 
mized. 



Gilbert's report v/as reviev/ed by Dana (1880, pp. 
17-25)^^ who attem-pted to avoid the assumption of 
hydrostatic adjustment by suggesting intrusion along 
and laterally from fissures that terminate upward. 
He considered the importance of viscosity by pointing 
out that cooling of intruded magma could limit its 
lateral flow while permitting it to thicken. 

Although some geologists like Keyer and Neumayr 
were skeptical of the intrusive origin of laccoliths the 
concept did gain general credence and during the late 
eighties and nineties new localities of laccoliths or 
laccolithlike intrusions were described in several of the 






FiDTTRE 23.— Gilbert's concept of the ideal form of laccoliths. 



18 For another review of Gilbert's report, see Green, 1879, pp. 177-170. See also; 
Davis, 1926; 1924, p. 375; 1925, pp. 414-415. 
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western states and in various parts of Europe. Since 
then the concept has become fundamental in the 
science. Some of the laccoliths or related intrusions 
that have since been recognized are described in the 
reports listed in the bibliography. 

GBNERALi STRUCTURE OF THE HENRY MOUNTAINS 
REGION 

The Colorado Plateaus in southeastern Utah consist 
of a series of broad structural uplifts and depressions 
that have axes trending in a general northward direction 
(pi. 6). Most of the uplifts are asymmetric having a 
steep east flank and broad gentty dipping west flank. 

The Henry Mountains structural basin is one of the 
major structural depressions of the Colorado Plateaus 
and is the counterpart of the upwarps of the Circle 
Cliffs and the San Rafael Swell which border it, being 
of the same size and form, only inverted. The basin 
is diamond-shaped and is a little more than 100 miles 
long and 50 miles wide. All but the southernmost tip 
of the closed part of it is included in the area shown on 
plate 5. The fold is sharply asymmetric for the trough 
is crowded against the steep west flank. 

x\lthough the Henry Mountains are near the geo- 
graphic center of the basin, they are on the gentle east 
flank about 12 miles east of the trough (pL 5). Little 
importance can be attached to their location within 
the structural basin because the other intrusions in 
the Colorado Plateaus have very different structural 
settings (pi. 6). The La Sal Mountains, for example, 
are in the midst of a group of relatively small, faulted 
anticlines whose axes trend southeast. The Abajo 
(Blue) Mountains appear to have little relation to either 
the Monument upwarp, the basin east of the up warp, 
or the folds south of the La Sal Mountains. Dikes 
and sills of alkalic rocks (Gilluly, 1929, pi. 30; 1927, 
pp. 199-211) in the San Rafael Swell swarm across the 
axis of the Starvation Creek anticline and up the west 
flank of the Swell to within 9 miles of the axis of the 
uplift. Navajo Mountain and Ute Mountains are in 
regions of simple structure remote from any major 
folds. Carrizo Mountain is on the plunging north 
end of the Defiance uplift (Darton, 1925, pi. 52). These 
groups of intrusions, most of them including laccoliths 
like those in the Henry Mountains, could hardly have 
a more random distribution with respect to the major 
structural features of the Colorado Plateaus, and it 
seems necessary to conclude that their locations and 
the location of the Henry Mountains were not deter- 
mined by the structure of the stratified part of the crust. 

Each of the Henry Mountains is a huge structural 
dome. The southern four domes are each 6 to 8 miles 
in diameter, whereas the northern dome. Mount Ellen, 
is twice that width. Each has several thousand feet 



of structural relief that interrupts the otherwise gentle 
east flank of the structural basin. The gentle west dip 
of this flank of the basin persists around the mountains 
and when projected through them meets with the dip 
on the other side (pi. 5). 

By and large the domes have smooth flanks but all, 
except the Mount Ellsworth dome, have superposed 
upon the top a great many small anticlinal noses and 
domes produced by the individual laccoliths or other 
intrusions. The smaller folds are each a mile or two 
in diameter, have a structural relief of a few hundred 
to 1,500 ft, and are not circular but are tongue-shaped, 
like the laccoliths that produce them (pi. 5). 

The Henry Mountains structural basin was produced 
by orogenic movements, probably in late Cretaceous 
or early Tertiary time. The major domes of the five 
mountains and the smaller anticlines on their tops were 
produced by intrusions, probably subsequent to the 
orogenic folding, perhaps in early or middle Tertiary 
time (p. 212). 

STRUCTURE OF THE REGION EXCLUSIVE OF THE 
MOUNTAINS 

The structure of the Henry Mountains basin is illus- 
trated by a m^ap shov/ing structure contours on the 
base of the Ferron sandstone mem^ber of the Mancos 
shale (pi. 5). The map was constructed by plotting 
altitudes determined at several thousand localities 
along the outcrop of formation boundaries. . The number 
of controlled points would appear to be adequate but 
nevertheless the map lacks precision in several respects. 
In more than half the area the stratigraphic interval 
between the FeiTon and the exposed bed is 10 to 20 
times the structure contour interval and involves several 
unconformities. Moreover, at some localities, as around 
the south side of the Mount Hillers stock, the Ferron 
is separated from the igneous rock by a belt a mile 
wide in which the older formations are vertical, a con- 
dition not brought out by the structure contour map. 

The deepest part of the basin is near the west edge 
of Tarantula Mesa and is 8,500 ft structurally lower 
than the neighboring uplifts. The closure amounts to 
about 4,000 ft. 

In the southern part of the area the trough is broad 
and crenulated and the steep west flank of the basin 
also is slightly crenulated, but the east flank is smooth 
except for the five Henry Mountain domes. The 
only faults producing displacement greater than a 
few feet are at Mount Holmes and Mount Ellsworth 
and near the north end of the basin. 

Most of the faults within the San Rafael Swell 
trend nearly east, but three belts of en echelon faults 
in the north part of the structural basin trend and 
converge slightly toward the southeast. The north 
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belt of faults, about 3 miles northeast of the Muddy 
River, consists only of three small faults along which 
the downthrow is to the southwest. The other two 
belts each comprise about half a dozen faults ak>ng 
which the displacement ranges from a few feet to a 
few hundred feet and is generally dropped to the 
northeast. 

The structural features of most of these en echelon 
faults are similar and orderly (fig. 24). Most of them 
begin at the northwest as very slight and rather broad 
reversals of the regional dip. Southeastward the 
reversed dips become steeper, although the belt of 
dipping beds is not appreciably wider; each fold grades 
into a very steep flexure with a strikingly sharp crest 
separating the regional difj on the southwest side and 
the steep northeast dip on the northeast side. South- 
eastvv^ard as the flexures become steeper the rocks 
become crushed and each crest passes into a normal 
fault, dropped to the northeast, and dipping northeast 
as low as 45^. Both the displacement and the dip 
of these faults increase southeastward and steep drag 
folding in the down blocks diminishes until the entire 
displacement is by faulting and the regional dip pre- 
vails on each side of the faults. At their southeast 
end the faults are nearly vertical, there is little crushing 
along them, and the displacements are taken up by a 
slight diiierence in the direction of dip in the two 
blocks. 

The direction of offset and trend of these en echelon 
faults strongly suggest shearing along the south side 
of an eastward thrust, as if the San Rafael Swell had 



been bodily thrust eastward with respect to the Henry 
Mountains structural basin. However, the faults are 
parallel to, and apparently a part of, a system of 
fractures that are v/idespread in the Green River 
Desert (pi. 6). 

Some of the joints along the canyons and the hog- 
back ridges have been mapped from airplane photo- 
graphs and are shown on the structure map. The 
joints are conspicuous in the competent formations 
everywhere in the area (figs. 87, 90, 94, 97), but they 
have been mapped only in those areas covered by 
airplane photographs. 

In the canyons a set of very conspicuous joints 
trends southeast (fig. 90), nearly parallel to the en 
echelon faults in the north part of the basin and the 
other faults in the Green River Desert. Another set 
trending southwest is conspicuous only locally in this 
area but is well developed southeast of the Colorado 
River. 

The southwest-trending set of joints may be re- 
sponsible for the pronounced parallelism of the second- 
order tributaries in the canyon part of the area and 
the prominent north east- trending topographic spurs 
of the Morrison and Summerville formations along 
the west edge of Burr Desert (pi. 1). Also, the two 
sets of joints, or the deeper seated structure they 
reflect, appear to have controlled some of the minor 
intrusive structures on the mountains (p. 143). 

Along the hogback ridges the most conspicuous 
joints are nearly parallel to the strike of the folds, 
but at the bends in the folds (fig. 97) the joints are not 




rir.uRE 24 .-Diagrammatic sections illustrating the change in manner of displacement along the en §chelon faults in the north part of the Henry Mountains 

structural basin. The amount of displacement is 100 to 150 ft. 

210116—53 7 
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curved; instead, the one set intersects another set 
parallel to the strike of the fold beyond the bend. • 

STRtJCTTJBAL HISTORY OF THE HENBY MOUNTAINS 

BASIN 

The Waterpocket Fold and presumably the Henry 
Mountains structural basin as a whole were formed 
during the close of Late Cretaceous time or beginning 
of Eocene time, because the Eocene Wasatch formation 
was deposited across the fold near Thousand Lake 
Mountain and across the west flank of the fold at 
Boulder Mountain (Button, 1880, pp. 280-281 ; Gregory 
and Moore, 1931, p. 116). There is no evidence of 
later additional movement along this and other nearby 
linear folds in the Colorado Plateaus. Presumably the 
two sets of joints in the basin also date from this early 
deformation and the faults, which parallel them, are 
probably no older than the joints and may be much 
younger. The epcirogenic uplift of the Colorado 
Plateaus probably was not com^pleted until much later, 
perhaps in late Tertiary time (p= 211), 

It is not impossible that the basin reflects a much 
older structure, for at the close of Mississippian or in 
early Pennsylvanian time structural basins were formed 
in eastern Utah and western Colorado (Baker, 1935, 
p. 1495; Baker, Dane, and Reeside, 1933, p. 963). Pos- 
sibly the Henry Mountains structural basin also was a 
negative area and may be underlain by rocks that are 
cut off by overlap against the neighboring uplifts. 

The intrusions in the Henry Mountains occurred 
after deposition of the basal sandstone of the Mesaverde 
form_ation and before the Colorado River eroded Glen 
Canyon. These are wide limits embracing a consider- 
able part of Late Cretaceous time and practically 
all of Tertiary time, but only very indirect evidence 
is available for closer dating. Because the intrusions 
have a structural grain that parallels the two sets of 
joints (p. 143) the intrusions are probably no older than 
the regional linear folds. On the other hand it seems 
likely that the intrusions are no younger than Miocene 
if we may judge by their petrographic similarity to 
other mid=Tcrtiary and earlier intrusions in the south- 
western states and by the amount of erosion that has 
occurred since the intrusions were formed (p. 204). 

STBUCTURE OF THE HENRY MOUNTAINS 

Each of the Henry Mountains consists of a stock 
around which the laccoliths or other intrusions are 
clustered. Although the porphyry in the stocks is 
like the porphyry in the surrounding intrusions a 
number of features indicate that the stocks were the 
chief centers of the igneous activity and involved 
intrusive processes distinct from those involved in the 
surrounding intrusions. In the first place, the stocks 



are crosscutting bodies located at the centers of the 
mountain domes whereas the other intrusions are 
mostly concordant and are distributed around the 
flanks and across the tops of the mountain domes. 
Secondly, around each stock is a shattered and some- 
what metamorphosed zone of rocks which is a mile 
wide around the larger stocks; there has been no such 
shattering and only very slight metamorphism around 
the other intrusions. Thirdly, the larger stocks con- 
tain minor metalliferous deposits but none is laiovvTi 
in the other intrusions. Finally, the laccoliths and 
related intrusions seem to have been injected radially 
from the stocks. 

Several lines of evidence indicate that the laccoliths 
and related intrusions were physically injected and 
radially so from the stocks : 

1. Because the beds that arch across the roofs of the laccoliths 
are those that stratigraphically are next above the beds that form 
the floors, the intrusion must have been physically injected 
between these beds. 

2. The individual laccoliths are tongue-shaped in plan and 
make a radial pattern around the stocks. 

3. The laccoliths are bulged linearly, and the axes of the 
bulges radiate from the stocks. Accordingly the roofs of the 
laccoliths are folded into anticlinal noses that radiate from the 
stocks. 

4. Linear dements such as local flow-structure and local 
ridges or troughs on the roofs of the laccoliths and bysmaliths 
trend away from the stock. The elements of several such 
intrusions combine to produce a radial pattern. 

Abundant exposures of both roof and floor contacts 
clearly show that the laccoliths are concordant intru- 
sions. This does not mean that they adhere strictly 
to one bedding plane; on the contrary, crosscutting by 
even the most orderly laccolith may aggregate a few 
himdred feet in a mile but this is accomplished in a 
series of short steps. In general, the discordance 
carries these intrusions to higher stratigraphic horizons 
away from the stocks. 

Many of the laccoliths have very simple tongue- 
shaped forms (fig. 33) but where the intrusions are 
crowded the formes are more complex. The distal ends 
of the laccoliths are usually steeper than the sides; 
the anticlinal noses over the laccoliths are open toward 
the stocks. 

Whereas the laccoliths raised the overlying strata by 
arching, several intrusions- — the bysmaliths- — ^raised 
their roofs by faulting. The discordant fault contacts 
around the bysmaliths are restricted to the sides 
farthest from the stocks; on the stock side of each bys- 
malith the roof was lifted by steep folding. Thus 
there was developed a trap-door structure which is 
hinged on the stock side and opens away from the stock. 
The bysmaliths are nearly circular in plan (fig. 40) but 
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both they and the laccohths have their steepeat flanlt 
on the side away from the stock. 

Flow structure within the intrusions is obscure and 
one is impressed more by the random orientation of 
the constituent minerals than by their locally developed 
linear or planar aiTangement, Along the contacts 
there is considerable slickensiding and lineation of 
crushed minerals (fig. 82/)), but this lineation generally 
is in the direction of maximum dip of the contact 
at the particular locality and conforms to irregularities 
of the contact rather than to general trentls. In the 
interior of some of the laccoliths can be found a crude 
platy stnicture that approximately parallels the nearest 
contact and a crude linear structure approximately 
parallel to the elongation of the laccolith. Short 
fissurelike streaks of crushed phenocrysts are not 
unconmion witliin the intrusions^ but these also seem 
to be local and irregular features, as if reflecting minor 
adjustments to movements during or after freezing. 

The intrusions are well jointed but most of the joints 
are irregular and seem to bear only casual relation to the 
contacts or shape of the intrust ion. Columns are well 
developed locally, particularly where the intrusions are 
thin, but where the intrusions thicken tlie cohimns are 
lost in an irregidar joint system. Sheeting parallel to 
the contacts is even less consistent and tends to be 
interrupted by sweeping curv^ed joints. 

The slight metaraorphism throughout the Henry 
Mountains suggests that the intrusions were uot Inghly 
heated and that they did not yield much volatile 
material. Even above the thick laccoliths, shale 
beds are merely indurated for a few feet. The most 
intense metamorphism is found in the shatter zone 
around the stocks but even here the metamorphism is 
marked only by conversion of the shale to horn f els, 
slight intluration of the sandstone, and development of 
epidote- 

The five mountains are very different structurally. 
The Mount Ellen dome is the widest and has a broad 
plateaidiJve top wrinkled with many small anticlinal 
folds (pi 8)* The Mount Hillers dome is the highest 
and steepest (pL 13) and the anticlinal folds over the 
laccoliths on it and on the Alount PenneU dome (pL 11) 
he mostly on the north and northeast flanks of the 
domes. The Moimt Holmes dome is the smallest (pi, 
16) and its top is anticlinally folded. No subordinate 
anticluies mar the s^Tumetry of the Mount EUsworth 
dome (pi. 16). FaLdting is restiicted to the southern 
two mountains. These principal differences between 
the momitains are iQustrated by the structure contour 
map (pi, 5.) 

It is easily demonstrated that the small folds on the 
top and flaidvs of the big domes were caused by the 
injection of the laccoliths, bysmiilithsj or other sateUitic 



bodies. The origin of the big mountain domes is less 
clear but they appear to be due to deformation that 
accompanied physical injection of the stocks (p. 148). 

The intrusive structures within the motuitaitis display 
a grain oriented ui two directions and approximately 
parallel to the two sets of joints in the structural basin 
despite the fact that the location of the mountains seems 
to bear no relation to the regional structure. 

All of the intrusive rock is diorite porphyry, except 
some monzonite porphj^ry on Moimt PenneU and some 
very minor intrusions of basalt and apUte. The differ- 
ent intrusions of diorite porphyry possess considerable 
textm'al variation but no correlation was foimd be- 
tween form of intrusion and textural variety. 

MOUNT EI^OEN 

Moimt Ellen (pi. 7, 8) is a structural dome about 
5,000 ft. high and 15 miles hi diameter. Not only is 
this dome the largest, but it is more rectangular in out- 
Ibie and has more crenidated flanks than do the domes 
of the other mountains (pi. 5). The major structure is 
open to I he south and merges with the smaller Mount 
PenneU dome. 

The Mount Ellen stock is located in the Bromide 
Basin in the southern part of the cluster of intrusions 
that comprise the moiuitain (pk 9). A dozen laccoliths 
adjacent to or near the stock radiate from it and prob- 
ably were injected nearly horizon taUy from it. 

Several intrusions that are in part crosscut thig form 
North Summit Ridge, which extends from Bull Creek 
Pass to the peak of Alount Ellen, Their form is not 
weU known but they seem to have been tlie center of 
much of the intrusive activity in the north part of the 
mountain and they are interpreted as a part of a mass 
that was injected irregularly upward and outward from 
the stock and that fed the northernmost laccohths and 
related intrusions. 

Three large bysmahtlis — Table Mountain (fig. 40), 
Bull Moimtam (fig. 105), and Ragged Mountain (figs. 
27, 42j4)^are located at the outer edges of the cUister 
of laccoliths on Mount Ellen. 

MOUNT ELLEN STOCK 

The Mount Ellen stock is roughly circular in plan 
and is composed of moderately homogeneous porphyry. 
It is surrounded by a shatter zone that consists 
of a complex series of iiTegulai' minor intrusions and 
severely defoimied sedimentary rocks. Bromide Basin, 
a wide valley at the head of Crescent Creek, has 
been eroded into the stock. The shatter zone has 
remained to form the rim and outer slopes of the basin 
(fig. 25). 

Erosion of the Bromide Basin has exposed the upper 
1,500 ft of the stock. The exposed sedimentary strata 
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FiorBE 25.— Views on Mount Ellen, A, View southeast across the head of Brrmide Basin. The rim of the basin approxlmatelr inarks thf boundary between the shatter zone and the Mount Ellen stock, which Is 
In the basin. Photograph by IT, D, Miser. B, View along the east side of Xorth Summit Rld^e to thp p(*ak of Mount Elkn. The Sftomingrly smooth surface of the peak is mantled with frost-headed boulders 
like those in tho foreground. Photograph by IT. D. Miser. C, The floor of the laccolith at the west end of Horseshoe Hldge. The propbyry rests on carbonaceous shale and sandstone belonging to the Ferron. 
J>t The floor of the South Creek laccolith at the west end of South Creek Bidge. The porphyry rests on carhonacoous shale and satidstone in the upper part of the Ferron sandstone membor of the Maneoa 
iihale. 



STRUCTURAL GEOLOGY AND FORMS OF THE IGNEOUS INTRUSIONS 



93 



nearest the stock are gently and irregularly domed. 
The lower exposures around the edge of the stock are 
at about the structural position of the Ferron sandstone 
member of the Mancos shale whereas the highest part 
of the stock is at the structural position of much 
younger strata; so the intrusion must be crosscutting. 

Most of the stock is composed of diorite porphyry 
but quartz-bearing diorite porphyry occurs on the ridge 
southeast of the Bromide mine and in irregular masses 
near the edge of the stock in the vicinity of the Kimbell- 
Turner mine. The relative age of the two porphyries 
was not determined. 

Fissures in the stock are not numerous and little 
order was seen in their arrangement. The most con- 
sistent trend, however, is northv/est or slightly east of 
north. Small quantities of gold and copper have been 
produced from fissures at both the Bromide and 
Kimbell-Turner mines (p. 217). 

Varying proportions of sedimentary and igneous 
rocks are found in the shatter zone. At some places 
the two are about equal in volume; at other places 
the zone may be composed mostly of igneous or 
sedimentary rock. The individual masses may be large 
or small (fig. 79). In general the inner part of the 
zone is mostly igneous, whereas the outer part is mostly 
sedhnentary. Som^e blocks have been sufficiently 
crushed to produce narrov/ veinlike masses of psoudo= 
tachylyte (i\g, 26) , Several varieties of porph^^ry occur 
in the shatter zone. 




Figure 26.— Fseudotachylyte (black) in fissure cutting diorite porphyry (white) in 
the shatter zone west of the Mount Ellen stock. Natural scale. 

Blocks of baked strata, the most intensely meta- 
morphosed rock on the mountain, are tilted at every 
conceivable angle in the shatter zone. These blocks, 
however, are apparently not far out of place strati- 
graphically for the shattered blocks are mostly 
sandstone Vv^here the Ferron sandstone lies outside 
the shatter zone and the blocks arc m^ostly shale 
where the shale m_em-bers of the Mancos lie outside the 
zone. 

The shatter zone is well exposed on most of the 
ridge tops around the Bromide Basin but the exposures 



are incomplete and the structure and intrusive forms 
are so irregular that no attempt was made to map them. 
Exposures actually are almost as good as in other parts 
of the mxountain, but are not sufficient to reveal fully 
the complex structures in and around the stock. 

The boundary shown on the map (pL 7) between the 
stock and the shatter zone represents the approxi- 
mate inner limit of the widely spaced sedimentary 
materials among thick irregular intrusions. The stock 
itself contains very few xenoliths of sedimentary rock. 
On the South Creek Ridge the strata rise towards 
the stock, and in the shatter zone between the stock 
and the South Creek laccolith, blocks of Ferron sand- 
stone have been carried to high altitudes. There may 
be some faults in the upper part of Slate Creek and 
the nearby part of the South Creek Ridge, but the 
structure there is obscure. 

Northwest of the Bromide Basin, porphyry is con- 
tinuously exposed from the stock through the shattered 
zone and into the north edge of the Durfey Butte 
laccolith in the upper part of Dugout Creek. The 
laccolith must cut tln-ough and be younger than the 
shatter zone but the porphyry now exposed in the 
stock could be somewhat later than the laccolith. The 
uncertainty of this relation is due to the difficulty of 
identifying intrusive contacts within the homogene- 
ous diorite porphyry, and such contacts may have been 
overlooked. 

North of Crescent Creek the shatter zone is faii^l}^ 
well exposed and the Granite Ridges laccolith ap- 
pears to have been intruded through the shatter 
zone rather than cut off by it. The dikes that are 
crossed by Crescent Creek a mile above Eagle City are 
well exposed but they could not be traced across the 
shatter zone on the hilltops north of the creek. They 
are younger than some sills south of the creek. 

The shatter zone is slightly elongate northeastward 
and southwestward from the Bromide Basin and 
nearby dikes roughly parallel the elongation. Fur- 
thermore the Ferron sandstone northeast of the 
stock is faulted and there appear to be some faults in 
the upper part of Slate Creek southwest of the stock. 
These structures in the shatter zone parallel some of 
the regional structiu-es in the plateau (p. 143). 

NOPvTS SUIHMIT EIBGE IKTRUSIONS 

North Summit Ridge, trending northward for nearly 
2 miles between Bull Creek Pass and the peak of Moimt 
Ellen, has a smoothly rounded, alpine crest at an alti- 
tude of mxore than 11,000 ft. The surface of the ridge 
is so m^antled with loose angular blocks of porphyry 
that travel along it is difficult, (fig. 255). Actually 
little rock fs in place, but sharp boundaries between 
the debris of porphyry and sedimentary rock, which 
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probably represents the fractured and frost-heaved 
upper surface of the bedrock, indicate that the surface 
mantle is not far out of place. 

The porphyry forming the ridge seems to have been 
injected upvfard and outv/ard as an irregular and 
elongate satellite of the stock. The intrusions on the 
ridge are highly discordant and the metamorphism 
around them is more intense than around most of the 
laccoliths but there is no peripheral shatter zone like 
that around the stock. 

The porphyry extends from beneath the Ferron 
sandstone member of the Mancos shale at Bull Creek 
Pass and northward 1,000 ft on North Summit Ridge. 
A laccolith, probably having an irregular form, extends 
down Bull Creek beneath the Ferron, but along the 
east side of North Summit Uidge, the porphyry broke 
through the Ferron into the overlying Blue Gate shale 
member of the Mancos. This crosscutting contact is 
exposed a mile northeast of Bull Creek Pass (pi. 7). 
The crosscutting mass ends abruptly in a steep slope 
iit the south edge of Sawmill Basin but a sheet of it 
extends northward under the Basin as the Sawmill 
Basin laccolith. 

At Bull Creek Pass, and westward along Dugout 
Creek the Ferron sandstone overlies the North Summit 
Ridge intrusions but between Corral Ridge and the 
head of Pistol Creek a part oi the intrusion cuts up- 
ward across the Ferron and into the Blue Gate shale. 
Along the crest of North Summit Ridge the porphyry 
ends at a steep contact against a transverse band of 
Blue Gate shale that dips north about 30°. The shale 
ends northward at another steep contact with por- 
phyry that extends northward under the peak of 
Mount Ellen. This porphyry seems to widen down- 
ward by a series of steps having concordant roofs and 
discordant sides. Probably it has an irregular floor in 
the Cretaceous shale. Overlying the porphyry is sand- 
stone that is probably the Emery, though it could be 
the Ferron sandstone faulted upward. The sandstone 
is folded into a small synclinal basin beneath the sill- 
like porphyry mass that formes the peak. 

EXPOSED LACCOIITHS 
COPPER RIDGE 

The Copper Ridge laccolith (Peale laccolith of Gil- 
bert) is located east and southeast of the Bromide 
Basin and extends from Slate Creek to half a mile 
north of Copper Creek (pi. 7). The width of this 
laccolith, as measured along the distal edge, is almost 
5 miles; the length, measured from the edge of the 
parent stock, is about 2 miles. At most places along 
the distal edge the thickness is between 100 and 200 
ft; the maximum thickness is 1,100 ft at Copper Ridge. 
This and the Durfey Butte laccolith are m_uch m_ore 



sheetlike than most of the other laccoliths, and are 
symmetrically disposed on opposite sides of the Mount 
Ellen stock. The laccoliths that are oriented at right 
angles to those tv/o are narrow elongate bulges. 

An irregular, though only m_oderately rough, topo- 
graphic bench covering several square miles has been 
formed on top of the Copper Ridge laccolith (fig. 27), 
and the ridges and valleys on this bench reflect to a 
considerable degree original irregularities in the upper 
surface of the intrusion. Thus, erosion remnants of 
the roof rocks show that Copper Ridge is formed by 
the bulging thickest part of the laccolith and is elon- 
gated radially from the Mount Ellen stock. 

At Copper Ridge the laccolith consists of two sheets, 
the upper one 300 ft thick, the lower one 800 ft thick. 
Separating the tv/o sheets are 70 ft of baked Tununi 
shale (fig. 28). The distal end of the laccoUth is 75 
ft above the Dakota sandstone. Below the laccolith 
are two sills, each less than 100 ft thick; one is injected 
along the Dakota sandstone and the other is in the 
Summerville formation. The sill in contact with the 
Dakota sandstone locally contains abimdant iron sul- 
fide disseminated through its lower part and the 
adjacent hornfels. 

The base of the laccolith was not traced across the 
middle of sec. 6, T. 32 S., R. 11 E., and is not exposed in 
the north part of that section. At Copper Creek the 
laccolith is about 50 ft above the Dakota sandstone 
although the exact contact was not found. Still farther 
north the base of the laccolith is almost horizontal and 
cuts discordantly across folded Dakota sandstone and 
continues northeastward nearly to Crescent Creek as a 
sheet about 100 ft thick in the upper part of the 
Morrison formation. 

The floor of the laccoHth and the underlying Dakota 
sandstone are well exposed between Copper Ridge and 
Garden Basin Creek (figs. 2 A, 27). Between the forks 
of Garden Basin Creek the floor is 10 ft above the sand- 
stone, but in the creek 500 ft farther north the porphyry 
cuts discordantly dov^Tiward into the Morrison. 

The floor contact was not found between Garden 
Basin Creek and Slate Creek, but its approximate posi- 
tion above the Dakota sandstone can be traced most of 
the way. The floor holds fairly consistently to horizons 
50 to 100 ft above the sandstone. 

The southeast edge of the laccohth is turned upward 
with the sedimentary rocks northwest of the Ragged 
Mountain bysmalith, but the relative age of the lac- 
colith and bysmalith is not known. I suspect that the 
bysmauth is the younger (p. 143); but the edge of the 
laccolith could have been intruded into the beds after 
they v/ero folded. 

Exposures of the roof of the Copper Ridge laccolith 
are abundant. In Garden Basin the roof is fairly 
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FiotmE 27.— Oblique viow northwest across Mount Ellen. The Mount Ellen stock Is tn the Bromide fiasln, whose rim is formed by the tone of shattered rocks around the stock. Copper Ridge is formed by the 
axial bulge on the Copper Ridge lacDollth, which als) extonds south under Garden Basin. The ridge is alined with the stock. A!so altitod with the stock Is the dikelike ridge on top of the Ragged Mountain 
bysmalith (forRground) . Photograph by Falrchlld Aerial Surveys. 
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Fif^URE 28— Section along C^opiwr Eidge. Tho st^pllkc inclusions of the Dakot;a sandstoue arc mfcrrcd from exposures ia Copier Creek. Tp, jwrphyry; Kitit, 
l^imunk shale member of the MaiKJOS shale; Kd» Dakota sandstone; Jm, Morrison fommttOTu 



regular and the overl3nng Tuimnk shale is nearly hori- 
zontal. Tliis roguhirity, however, is iiitorruptcd by 
some southeast- trending dikelikc ridges of porphyry 
like the conspicuous one expos(>d just cast of the center 
of s(M'tion 11 (pi. 7). The roof rocks by these ridges are 
steeply upliirncd and are cut off discordantly by the 
porphyry. 

The individual sheets comprising the laccolith cut 
discordantly back and forth across the enclosing strata. 
From Garden Basin Creek northward to Copper Creek 
the uppermost sheet cuts discordauti}' upward tlirough 
200 ft or more of the Tununk shale to the base of the 
Ferron sandstone. Moreover, beds beneath the east 
edge of the laccolith are yomigcT than the beds ov(^rl>dng 
the central part of the laccolith. (See iig. 28.) In the 
lower part of Copper Creek the floor is about 50 ft above 
the Dakota sandstone; farther up the creek this sand- 
stone is structiu'ally lugher and is overlain and under- 
lain by porphyiy and still farther up the creek the 
Dakota sandstone overlies the main she(4 of the 
lacc^olith. 

At the north side of the laccolith, near the Cimter of 
the east side of section 36, the Dakota sandstone is tilted 
northward (fig. 29) and is broken by a dozen small 
strike faidts, each having a displacement of 6 to 10 ft 
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Figure 20.— Section across the north side of the Coi>t)er Ridge Uiccolith. Tj), por- 
phyry; Knit, 'I'unimk shale memb«r of the Mancos shale; Kd, Dakota sandstone, 
Jin, Morrison formation. 



dowTi to the north. At the west edge of this outcrop the 
Dakota rests on porphyry, but at the east edge the 
Dakota rests on (he Morrison formation and dips north- 
ward. Apparently the laccolith thins northward and 
cuts do\\Tiward to lower horizons. 

Only the top of the Slate Creek laccolith is exposed 
but the shap(* of tlie fold in the roof rocks shows that 
the axis of the ]>ulging part radiates from the Mount 
Ellen stock. A considerable part of the top of the 
laccolith is exposed in section 10, T. 32 S., R. 10 E., 
where strata that belong near the middle of the Morri- 
son formation and that overlie tln^ porphyry are 
tmned up 20° to 30° in an anticlinal nos(^ that plunges 
south from the Mount Ellen stock (pi. 5, fig. 30)* 
Near the axis of the anticline is a narrow southward- 
trending dike, undoubtedly a dikelike ridge ou the roof 
of the laccolith (pi. 7) like those exposed on the roof 
of the Copper Ridge laccolith. The porphyry ridge 
northwest of the anticline, probably another and 
larger example of this kind of structure (fig. 30), is 
formed by a crosscutting intrusion that extends 
linearly from the stock, probably as a bulging part of 
the west edge of the Slate Creek laccolith. The sill 
under the Ferron sandstone west of this ridge may have 
been injected as a satellite from this bidge. 

INTEUSION BETWEEN THK FORKS OF BULLFIfOH CREEK 

Little is knowTi about the shape of the intrusion 
that forms the ridge between the forks of Bullfrog 
Creek. It is at least 600 ft thick and is elongate south- 
westward from the Mount Ellen stock. Beds of the 
Tununk shale concordantly overlie the porphyry near 
the north end of the ridge. The side contact w^as found 
at only one place, located directly east of the exposed 
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FiCtiTRE 30.— Isometric fenco diagram nf 81at« Creek laccolitli. Tji, imrph^ry; Kmbg, 
Biuo Gate shale member, Kmf, Ferron sandstone rrffimber, Kmt, Tutiunk shale, 
members of the Mancoe shale; Kd, Dakota sandistone; Jm, Morrison formation; 
Js, Stiinmervillf? formation, 

roof, where shale bods low in the Tuiximk are turned up 
45° against the intrusion. On the west side of the 
ridge is a small exposure of Dakota sandston**, presum- 
ably turiut! up against that side of th(> intrusion. 
Figure 31 shows the probable shape of this intrusion. 
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FlotTiE 31.— Probable form of lacooUth between forte of BolUrog Creek in seclinm 
9 and 16, T.32 S., R. 10 E, Tp, porphyry; Kmhg, Blue Gatn shali^ rneiulwr, Kmf, 
Ferron &iTi<lst:ono merriljcr, and Kmt, TuEunk shale, members of the Mancos shale; 
Kd, Dakota sandstone; Jm, Morrison formation. 

SOtiTH CHEEK 

The main part of the South Creek laecolith (E 
laccolith of Gilbert) forms the South Creek Ridge 



which is the mo&t prominent topographic feature of 
the southwest part of Mount Ellen (fig. 32). The 
ridge is 500 to 1,000 ft high and forms the di\dde 
between the drainage of South Creek and the head- 
waters of Sweetwater Creek. The top of the ridge is 
smoothly rounded and the small remnants of roof rock 
locally preserved on it indicate that the present topo- 
graphic form is not greatly different from the original 
shape of the intrusion. 

This laccolith, imlikc the Copper Ridge laccohth, 
is narrow, elongate and bulging as sliown in figure 33. 
It was injected southwesterly from the Mount Ellen 
stock. Th{^ roof of the laccolith is inclined eastward 
toward the stock but the roof rocks, arched over the 
east end of the ridge, conceal th(^ relations where the 
laccolith emerged from the shatter zone at the edge of 
the stock. 

The floor of tlu* laccolith was found at only one local- 
ity, namely at the west (>dgc of the ridg<>, in the north- 
ernmost creek. Here the porpliyiy rests on carbona- 
ceous shale belonging to the upper part of the Ferron 
sandstone^ about 10 ft stratigraphically above the mas- 
sive basal sandstone (fig. 25D), The coaly shale is not 
altered except for very slight induration and some 
slickcnsiding for about 3 in. from the contact. The 
contact is sharp but undidating in waves a few inches 
high and a few inches wide. Both the contact and the 
underlying strata are nearly horizontal. 

At the northwest part of the ridge a thin sheet of 
porphyry at tlic base of the laccohth underlies the 
Ferron, On the north side of the ridge, in sec, 5, 
T. 32 S., R. 10 E. near Ihc middh^ of the laccolith, is 
a sandstone lens of the Ferron. At the east end of the 
ridge the sandstone rests on the laccolith. This laeco- 
lith, like the Copper Ridge laccolith, therefore cuts 
discordantly to higher slratigra.j)hi(^ horizons away from 
the^stock so that formations in t!ie floor at the distal 
end of th<^ laccoliths are repeated in the roofs near the 
feeding stock. 

Northward, the South Creek laccolith thins abruptly 
and is divided mto at least two sills. Along the south 
edge of tlie laccolith the Ferron sandstone dips south oflf 
the roof and dips under a satc^Ilitic porphyry mass that 
was injected through the strata turned up against 
the mam part of the laccolith. The satellite is partly 
phacolithic and partly discordant on the flank of the 
imiin nitrusion. 

The isolated remnants of the shale roof on this siitel- 
lite are sho^v^l on the geologic map (pL 7) as belonging 
to the Blue Gate shale. Thus relation is based on the 
interpret at ion that the Ferron continues about 1,500 ft 
(eastward beneatli the prophyiy as is suggested by the 
exposures of F(*rron beneath the porphyry 500 ft south 
of the northwest comer of section 9. If this ititcrpre- 
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FicuEE SS.—Obliqae vlfw of the southwf^st sMp of Mount Ellen, South Creek Ridpe k a laccolith whose structure conforms approximately to the topography. The broad bench between South Creek Ridge and 
Durfey Butte Is undorlain by the hroad shecUike Durfey Butte lacoollih. South Summit Ridge and the basin at the head of Slate Creek are in tho shatter zone surrounding the Mount Ellen stock, which Is 
Jocated in the Bromide Basin. Photograph by Falrchild Aoria! Surveys, 
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FIGURE 33.-Isometric fence diagram of South Creek laccolith. Tp, porphyry; Kmbg^meG^te shale member, Kmf,Ferronsaiidstoiie member, and Kmt, 
Timunk shale, members of Marcos shale; Kd, Dakota sandstone; Jm, Morrison formation. 



tation is correct the poorly exposed southeast side of 
the satellite must be highly discordant (pi. 7). 



DTTRFEY BUTTE 



The Durfey Butte laccolith, located between South 
and Dugout Creeks, is a broad sheetlike intrusion that 
resembles the Copper Ridge laccolith on the opposite 
side of the stock. The surface of the Durfey Butte 
laccolith consists of a series of small, parklike benches, 
each having a fairly smooth surface and separated from 
the adjoining levels by steep slopes. Probably the 
irregularities on the topographic surface approximately 
conform to original irregularities on the roof of the 
laccolith (fig. 32). 

The laccolith, injected nearly westward from the 
Mount Ellen stock (fig. 34), thins westward by a 
dropping of the roof in a series of steps. The intrusion 
rests on the Ferron sandstone in the trough of the 
syncline between the South Creek and Corral Ridge 
laccoHths (pi. 5) and it thins against the flanks of the 
two neighboring laccohths as if it had been intruded later. 

The floor contact of the Durfey Butte laccohth was 



not found except at the thin north edge along Dugout 
Creek, but there are numerous outcrops of the roof 
contact. 

Durfey Butte is part of a ridge composed largely 
of porphyry that represents a linear bulge of the roof 
along the north edge of the thickest part of the lac- 
colith. The butte is capped by hornfels. The trend 
of the ridge and bulge is slightly north of west, the 
duection in which the laccolith Vv^as injected. Other 
dikelike bulging m.asses that also trend nearly west- 
v/ard intrude the roof rocks near the east end of the 
laccohth. One- apparently an extension of the Durfey 
Butte bulge, connects the porphyry of the laccohth 
with the Mount Ellen stock by cutting through the 
shatter zone adjacent to the stock. 

DUGOUT CREEK AND SAKVIS RIDGE 

The Dugout Creek laccohth (the Newberry lacco- 
hth of Gilbert) and the overlying Sarvis Ridge laccohth 
are bulged intrustions whose axes are elongate radially 
from the Mount Ellen stock. The anticlinal folds over 
the exposed parts of these laccoliths are elongate 
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FiCxUEE 34— Isometric fence diagram of Durfey Butte laccolith. Tp, porphyry; Kmh, Blue Gate shale member; Kmf, Ferron sandstone member, 

and Kmt, Tununk shale, members of the Mancos shale. 



domes whereas the folds above the South Creek Ridge 
and other laccohths southwest of the stock are anti- 
dmal noses that plunge away from the stock. The 
structural relief of the domes above the Dugout Creek 
and Sarvis Ridge laccohths is, however, greatest at 
the distal ends and these intrusions no doubt extend 
beneath the Durfey Butte and other laccohths to the 
southeast that are higher structurally and stratigraph- 
ically. 

The south, west, and north flanks of the dome over 
the Dugout Creek laccolith have a rehef of about 
1,000 ft, which probably is a measure of the thickness 
of the intrusion. Closure on the east side of the dome 
amounts to roughly 500 ft. 

The domed roof of the laccohth is weU exposed 
along the gorge of Dugout Creek. At the west end 
of the gorge the porphyry is against the Entrada 
sandstone which dips about 12^ vV. but the contact, 
dipping 45^ W., cuts across the sandstone beds. A 
few hundred feet upstream, on the south side of the 
gorge, a sandstone bed about 75 ft bolovf the top of 
the Entrada concordantly overhes the porph3^ry and 
dips about WW, Farther upstream the contact cuts 
discordantly upward to the base of the Summerville 



formation and near the mjlddle of the gorge the contact- 
cuts upward another 50 ft into the Summerville. At 
the upper end of the gorge the contact abruptly cuts 
back down to the top of the Entrada. This discordance 
also takes place in a northerly direction because the 
roof rocks north of the creek are, in general, many 
feet higher stratigraphically than those south of the 
creek. 

Strata overlying the laccolith south of the creek do 
not dip very steeply but north of the creek the roof 
rocks dip 25° to 45° N. 

The Entrada sandstone exposed beneath the por- 
phyry in the creek is probably a lens within the lacco- 
hth rather than part of the floor, because the sandstone 
is structually 500 ft or more higher than the base of 
the anticline that was produced by the laccohth. 

Sarvis Ridge, on the south side of Dugout Creek, 
owes its prominence to the Sarvis Ridge laccolith which 
caps the anticlinal fold above the Dugout ♦ Creek 
laccohth (fig. 35). The Sarvis Ridge laccolith has a 
well-exposed, concordant roof of shale in the lower 
part of the Tununk shale, and a steep, probably dis- 
cordant, contact along the north side. The arching of 
the roof has produced a dom.e having about 500 ft of 
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closure on the side toward the stock, but the dips on 
the Other sides are steeper and provide greater struc- 
tural relief. The laccolith must thin toward the south- 
east but it probably extends southeastward under the 
Durfey Butte laccohth. 



PISTOL RIDGE 



The Pistol Ridge laccohth, called the Shoulder 
laccohth by Gilbert, forms an anticlinal nose whose 
axis trends southeast toward the Mount Ellen stock 
(pi. 5, fig. 35). Nothing is known of the eastern limit 
of the laccolith, for it is buried under higher intrusions. 
It overlies the Cedar Creek laccohth (fig. 35) and was 
probably injected in a northwesterly direction from the 
stock. 

The southwest edge of the laccohth is a high scarp 
overlooking flat-lying beds of the Morrison formation. 
Contrary to the impression gained from a distant view 
these Morrison beds do not extend under the porphyry 
but are cut off sharply or turned up steeply in a narrow 
zone along a nearty vertical contact. A fcvf hundred 
feet from the contact the beds are nearW flat. 

Two outcrops at the foot of the scarp, 2,000 ft north 
of Arch Creek, show Morrison beds turned up steeply 
against a nearly vertical contact. Five hundred feet 
west of the contact the beds are flat. A few hundred 
feet farther north the Morrison extends up the side 
and onto the roof of the porphyry. 

At another outcrop, at the foot of the scarp in Arch 
Creek, the contact strikes N. 15° W. and dips 70"^ E, 
Thirty feet from this contact the Morrison beds dip 
about 2"" E. Only 2 ft from the contact these same beds 
are practically horizontal and the 2-ft zone adjacent 
to the poTpYryiy is crushed. These strata are near the 
middle of the Morrison. On top of the laccolith, 
1,000 ft up the creek from, this outcrop, the roof rock 
is basal Morrison, Evidently this edge of the laccolith 
cuts discordantly across 200 ft or more of beds in the 
lower part of the Morrison formation. 

A few hundred feet south of Arch Creek the Dakota 
sandstone is turned up 82° near the side of the intrusion, 
but the contact between the porphyry and sedimentary 
rock is concealed. 

At the southeastern end of the scarp Morrison beds 
rise steeply against the side of the intrusion. The 
lower beds are cut off discordantly by the more steeply 
dipping contact but the upper beds extend up the side 
and onto the roof of the prophyry. 

The concordant, gently dipping roof contact is ex- 
posed along most of the rim of the porphyry scarp. 
The contact is stepped down northward and in Arch 
Creek, Summerville beds overlie the porphyry. Fully 
60 ft of the Sunmierville is exposed and the steps in 



the roof that permit its presence are as much as 10 ft 
high and 20 ft wide. 

At the north edge of the laccohth, in Cedar Creek, 
no porphyry is exposed but the roof strata dip about 
25° northeastward into the creek. Cedar Creek flows 
tangeiitially along the steeply dipping formations and 
at one place has exposed Summerville beds. 



CEDAR CREEK 



The Cedar Creek laccohth (fig. 35), lying mostly south 
of Cedar Creek where it emerges from Mount Ellen, 
was called the Geikie laccolith by Gilbert. It has pro- 
duced an anticlinal nose whose top is closed by slight 
reversal of dip on the side toward the mountain. Fan- 
glornerate on the main bench of the Cedar Creek pedi- 
ment largely conceals the plunging nose of the anti- 
cline, but the north flank of the anticline is v/cU exposed, 
and dips 25° to 50°. Where Cedar Creek crosses the 
east flank of the fold the dip is 45° E. but these steeply 
dipping beds are cut off at the discordant west edge of 
a neighboring laccohth north of Cedar Creek. South- 
ward, the dip of the east flank diminishes until it 
amounts to only a minor reversal interrupting the rise 
of the beds onto the higher intrusions on Mount Ellen. 

The south edge of the laccolith is steep and discord- 
ant (fig. AlB). Beds of the Entrada sandstone dip 
45° S. from the contact which dips 75° to 90° S. Near 
the contact the Entrada is fractured by small reverse 
faults that dip steeply toward the laccolith, indicating 
an upv/ard and outward thrust by the porphyry (fig. 
36). A bulging part of the porphyry extends south- 
ward under the Entrada and its roof is exposed in the 
bottom of some smaU gulhes 50 ft from the edge of the 
main porphyry mass. Four hundred feet south of the 
contact the dip of the Entrada is diminished to 25°, 
and 1,000 ft from the contact the beds are flat and 
thence slope upward to the south. 

Exposures of the roof contact in the canyons in the 
SW }i sec. 12, T. 31 S., K. 9 E. reveal irVegularities 
through a vertical range of about 40 ft, but the con- 
tact is dominantly concordant. The Entrada sand- 
stone, which is typically red, is bleached to light gray 
and Vy^hite Vv^here it is in contact with the porphyry but 
30 ft above the roof contact the sandstone is not altered. 
The Curtis form.ation, which is cut locally by the intru- 
sion, is typically green tinted gray but is changed to 
dark purple at the contact with the porphyry. 

GRANITE RIDGES 

The Granite Ridges laccohth is adjacent to the zone 
of shattered rocks surrounding the Mount Ellen stock 
and extends northeastward from it (pi. 8). Where the 
laccolith emerged from the shatter zone the Ferron 
sandstone or Tununk shale forms the roof, but north- 
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FIGURE 36. — Minor reverse faults in Entrada sandstone 50 ft from the steep south 
edge of the Cedar Creek laccolith. The faults dip toward the laccolith, 

eastward the intrusion cuts to older strata and the 
distal end is in the top of the Morrison formation (J\g. 
37). Exposures are not sufficiently Continuous to 
establish the details of the discordance. 

In general, the roof slopes to the northeast but the 
thinned northeast end of the laccohth rises onto the 
roof of the Butler Wash laccolith in the same way as 
the edge of the Copper Ridge laccohth is turned up 
against the flank of the Ragged Mountain bysmalith. 

The distal end of the laccolith forms sheets. At the 
sharp bend in Granite Creek, SW % sec. 24, the upper 
sheet, fully 200 ft thick, rests on Dakota sandstone, 
and the floor contact, which is exposed on each side of 
Granite Creek, dips 15° NW. The roof is well exposed 
along the northwest side of Granite Creek and dips 55° 
to 60° N., so the sheet must thin out within a few 
hundred feet. 

The Dakota sandstone forms the roof of the lower 
sheet and is exposed at the sharp bend in Granite Creek 
and in an outlier just north of the peak of the ridge to 
the east. At the bend in Granite Creek the dip is 15" 



NW. but at the outlier the dip is 30° to 50° W. off the 
underlying Butler Wash laccolith. Near the quarter 
corner on the north side of section 25 where the floor 
of the lowest sheet of the Granite Kidges laccolith is 
exposed it cuts discordantly across the Dakota sand- 
stone to the lower part of the Tununk shale. 

In Butler Wash the Granite Ridges laccolith is in 
contact with the sill that extends northward under the 
laccolith and forms The Jum.p in Granite Creek in the 
southeast quarter of section 13. 

Porphyry which probably represents more than one 
intrusion extends from Granite Creek westward across 
Bull Creek to the North Summit intrusion. 

A thin veneer of roof rock is preserved along parts of 
the crests and sides of the three Granite Ridges and 
extends nearly to creek level in the two parallel valleys 
separating the ridges. The two valleys are unusually 
straight and probably their positions were structurally 
controlled by sedimentary rocks in troughs separatmg 
bulges of resistant porphyry. This laccolith therefore 
resembles many others in the region in having linear 
bulges that are alined with the stock. 

BUTLER WASH 

The roof of the Butler Wash laccolith is breached 
north of Butler Vi^ash vfhcrc about half a square mJle 
of the porphyry intrusion is exposed. Two valleys are 
cut deeply into the porphyry and the ridges dividing 
the valleys provide excellent exposures. Across the 
heads of "the\alleys is exposed the roof, composed of 
the Summerville formation dipping a few degrees west. 
Southward the roof dips more southwesterly and two 
thin sills, about 20 ft apart in the roof rocks, connect 
southward with the main intrusion. 

At the southwest corner of the intrusion the dips 
change very abruptly from southwest to southeast and 
a short dike, trending toward the stock and dipping 
steeply southeast, protrudes tlurragh the sharply flexed 
roof rocks. Along the southeast side of the exposed 
mass of porphyry the roof dips 30° SE. 

Along the east edge of the laccolith the strata dip 
30° E. and along the northeast edge the dips are about 
60° NE., but the contact here between the sediments 
and porphyry was not found. 

Probably the exposed part of the Butler Wash lacco- 
lith is the bulged end of a sheet that underlies the 
Granite Ridges laccolith and that was injected north- 
eastward from the Mount Ellen stock. This bulge 
forms an asymmetrical structural dome, not quite cir- 
cular in plan, and steepest on the side farthest from the 
stock. This asymmetrical domal pattern closely re- 
sembles that of the bysmaliths, except that the latter 
are more bulged, have greater structural relief, and have 
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steeper distal flanks that resulted m faulting rather 
than folding of the invaded sedimentary rocks. 

\^ iQyr hundred feet east of the northeast side of the 
porphyry the dips flatten and farther east the strata 
rise 10'' to 15° eastward. Below them is a sill extending 
from Butler Wash nearly to Granite Creek and thinning 
from about 100 ft at the south end to about 10 ft near 
Granite Creek. Its roof of Summerville rocks is cut off 
discordantly at the northeast edge of the Butler Wash 
laccolith. Probably the sill and laccohth are connected 
as interpreted in figure 37. 



WTCKITTP RIDGE 



The Wickiup Ridge laccohth forms the ridge north 
of Wickiup Pass between Granite and Bull Creeks. 
Exposures around this intrusion are very incom.plete, 
so the position of the contact for long distances had to 
be judged on the basis of float. In plan the intrusion 
is elliptical and elongate in a northeasterly direction, 
radially from the Mount EUen stock. 

At the south end of the intrusion, between Granite 
Creek and Wickiup Pass, the porphyry seems to have 
the form of a southward-thiiming sheet overlying the 
Ferron sandstone. Northward along the east side 
of the ridge small discontinuous outcrops of the Ferron 
sandstone dip 13° to 35^ NW. The outcrop pattern 
of the Ferron around the east, north, and northv/est 
sides of the ridge suggests that the intrusion occupies a 
synclinal trough and that it overlies the sandstone. 
The intrusion may have a roughly concordant floor 
in the Blue Gate shale but the floor at least locally 
cuts to lower strata, judging from the complete absence 
of sandstone float for about 2,000 ft along one part 
of the southeast side of the ridge. 

Along the west side of the ridge, by Bull Creek, half 
a mile north of Wickiup Pass, Morrison strata are 
raised in a steep-sided dome over a rusty-brown 
porphyry intrusion which is distinct from the Wickiup 
Kidge laccohth, although the tvv-o porphyries may be 
in contact vfith each other as indicated on the m^ap 
and diagram, (pi. 7, fig. 37). 

Near the north end of Wickiup Ridge the upper 
surface of the laccolith is structurally terraced. Each 
of the terraces or benches has a nearly horizontal 
concordant roof and a vertical and discordant northwest 
side against which the strata, the Blue Gate shale, 
are dragged upward (fig. 38). These structural ter- 
races are alined in a northeast direction, parallel to 
the elongation of the laccohth. In addition, the 
broad roof of the laccolith is interrupted by numerous 
linear ridges and troughs also alined northeast. On 
the map (pi. 7) the north end of the laccolith appears 
to break into sheets but the bands of sedimentary 
rock projecting southward into the porphyry overhe 



Shale roof 




Figure 38.— Diagrammatic cross-section to illustrate irregularities in the roof of the 
Wickiup Ridge laccolith. The structural benches at the right have concordant 
shale roofs but the shale is turned up steeply where the porphyry rises to a higher 
bench. These benches and the narrow ridges aud broad depressions on top are 
linear and roughly parallel to the elongation of the laccolith. 

the structural benches in the porphyry and are cut on 
discordantly southeastward where the porphyry rises 
to the next higher structural bench. 

Petrographically the Wickiup Ridge laccolith differs 
in several respects from, the other Henry Mountains 
laccohths. Part of the intrusion is composed of the 
com.m.on type of diorite porphyry, but at the north 
end the porphyry contains unusually large phenocrysts 
of hornblende, many as long as 25 mm. Augite, an 
uncommon constituent in the Henry Mountains in- 
trusions, is associated with the large hornblende 
crystals. Near the summit of the ridge the porphyry 
contams augite and very little hornblende. Twenty- 
five hundred feet east of the peak the porphyry is 
bleached white and is very friable, as if altered hydro= 
thermally. No contacts v/ere found between these 
different rock types, so their structural relations are 
not known. 

SAWMILL TJASIN 

The Sawmill Basin laccohth probably is a sheet that 
was injected northeasterly from the base of the North 
Summit Ridge intrusion. It has little topographic 
expression and probably did not reach m.uch higher 
than the present surface. The roof, locally retaining a 
veneer of overlying rock, is nearly flat at the south end, at 
Log Flat, but rises, mostly by steps (structural terraces), 
to the divide at North Pass. The sides of the laccolith 
are steep. 

At Log Flat the Blue Gate shale rests concordantly 
on the porphyry, the contact being exposed at the south 
and east sides and around a few porphyry exposures on 
Log Flat. The south edge of the intrusion, exposed in 
several small outcrops in the southward-facing scarp 
overlooking Blue Basin, is practically vertical, but 
trends in a sinuous eastvf ard course interrupted by right 
angle bends. In detail the contact is irregular owing 
to bulbous masses of porphyry 2 ft wide that protrude 
into adjacent sediments. 

Along the east side of Log Flat the porphyry forms a 
low eastward-facing scarp and the roof and side contacts 
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are exposed along and near the small creeks crossing the 
scarp. At the most southerly of these creeks the con- 
cordant roof dips 22° NW. The side contact is steep, 
apparently discordant and very irregular. Strata east 
of the porphyry dip west. 

Northward to Ellen Creek the top of the porphyry is 
lower and seems to be stepped downward irregularly, 
but westward from White Rocks the roof is raised again, 
in part at least by a series of steps. On the divide at 
the head of Nazer Canyon baked Mancos shale dips 
south into the porphyry which cuts across the beds 
with a steep, alm-ost vertical contact. Strata adjacent 
to the contact are turned up alm-ost vertically. 

The west side of the laccohth is exposed nearly con- 
tinously for 1,600 ft north of Ellen Creek. The 
Blue Gate shale member of the Mancos near the por- 
phyry dips from 10° to 15° NW. but the beds are' cut 
otf at the steep contact at the edge of the porphyry. 
In detail this contact is very irregular with 6-ft masses 
of porphyry projecting into the adjacent shale, but in 
general the contact dips west at about 75°. Drag along 
this contact is restricted to a belt only about 10 ft wide. 
The narrov,^ band of shale indenting the porphyry on 
the south side of Wagonroad Eidgc is in the cleft of a 
step in the porphyry roof, sim_ilar to those on the north= 
west edge of the Wickiup Ridge laccohth (fig. 38). The 
shale lies concordantly on the underlying porphyry and 
is cut discordantly by the higher porphyiy. The shale 
band widens north of Ellen Creek but is less well exposed 
there. 

^ Tlie mass of porphyry northeast of North Pass un- 
doubtedly is connected with the laccolith at no great 
depth, for the intervening shale beds along the divide 
are baked as if directly underlain by an intrusion. The 
side contacts of this m^ass of porphyry are exposed at 
three localities, at each of v/hich the contact is prac- 
tically vertical and strikingly discordant. Apparently 
this is a pluglike mass of porphyry punched through the 
roof of the laccohth to form a bysmahthic cupola on 
the main intrusion. 

At the northeast side of this bysmahth is exposed the 
vertical discordant contact. The Blue Gate shale 
northeast of the intrusion dips about 15° SW. The 
practically vertical contact strikes about 45" to the 
strike of the bedding, and there is no drag. The con- 
tact, which can be followed upward across 150 ft of 
shale beds, is not enthely regular for along some bed- 
ding planes it is stepped outward a few feet and thence 
continues up vertically from the new position. In a 
gross way, therefore, the contact departs from the 
vertical and dips toward the intrusion. The pheno- 
crysts in the porphyry are more crushed along the 
vertical contact than along the horizontal offsetting 
steps. 



A m.ass of baked shale that divides the bysmalith 
into two lobes dips 53° N. off the southern lobe and is 
cut off discordantly by porph^T-y in the northern lobe. 
Along the west edge of the bysm_ahth the general dip 
is 35° NW. but the contact is vertical and the strata 
are dragged up steeply along it. 



NAZEE CANYON 



The roof contact of the Nazer Canyon laccolith and 
the overlying Tununk shale, both dipping about 45° 
W, are exposed in the divide west of Nazer Canyon. 
Contacts were not found elsewhere, so little is known 
about the form of this intrusion. The eastern wedge 
of the laccolith indicated in sec. 2, T. 31 S., R. 10 E. 
(pi. 7) was inferred from the topography and was not 
surveyed. 

South of the middle of section 3 the porphyry cuts 
discordantly through the upper part of the Tununk 
shale to the Ferron sandstone. There mxust be similar 
discordance east of the canyon but the contact v/as 
not found. This crosscutting brings the Nazer Canyon 
laccolith into contact with the higher Horseshoe Ridge 
laccohth but probably the two laccoliths are separate 
intrusions (pi. 10). 



BULL CBEEK 



The Bull Creek laccolith has little topographic ex- 
pression because its upper surface has only recently 
been uncovered and erosion has cut only a short way 
into the uppermost part of the intrusion. Only the 
broad arch of the roof rocks and the upper 100 ft or 
so of the porphyry are exposed. Gilbert called it the 
Bowl Creek arch. 

The laccolith is in the Morrison formation and very 
near the top of the formation (pi. 10), but at the north 
end in BuU Creek, and possibly at the western edge, 
the laccolith has cut across the top of the Morrison to 
the Tununk shale mxem^ber of the Mancos. 

Along Bull Creek and northwestv/ard from the creek 
diagonally across the Horseshoe Ridge the essentially 
concordant roof is well exposed. Along Bull Creek, 
near the center of sec. 12, T. 31 S., R. IoIe., the roof is 
about 100 ft below the top of the Morrison, but north- 
ward and northwestward the roof rises, stratigraphically 
as well as structurally, for the porphyry cuts upward in 
a series of steps to the Tununk shale. To the north- 
west the stratigraphic rise of the roof roughly paraUels 
the rise of the floor of the overlying Horseshoe Ridge 
laccolith. Thus the two intrusions are discordant to 
the sam^e degree in the sam^e direction, and the thickness 
of intervening beds remains nearly constant. 

From the crest of the arch in Bull Creek the overl3dng 
beds dip about 25° to the east, south, and southwest. 
Along the much steeper north flank the contact at sev- 
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eral places dips 80° to 85° N. and is even overturned at 
one locality (pi. 7). The adjacent strata are dragged up 
very steeply but within a few hundred feet north of the 
contact the dip is diminished to 30° or less. This lacco- 
lith, therefore, in common with may others in the Henry 
Mountains, has its steepest flank on the side farthest 
from the stock. 

Columnar jointing is better developed in this intru- 
sion than in most of the laccoliths of the Henry Moun- 
tains. 

HORSESHOE RIDGE 

The Horseshoe Ridge laccolith attains its m^aximum 
thickness of about 1,300 ft beneath the highest point of 
Horseshoe Ridge and thins southeastward to 140 ft at 
Bull Creek (pi. 10). Little is known of the shape of the 
intrusion in other directions because to the southwest it 
extends under the Sawmill Basin laccolith and to the 
north and northeast it has been eroded. 

One of the geological show places in the Henry Moun- 
tains is the outcrop of the floor of this laccolith along the 
east side (fig. 25(7) of the ridge. At the most northerly 
point of the ridge the intrusion rests on shale beds that 
belong very near the top of the Ferron sandstone. The 
strata and contact dip about 3° S. At the next outcrop 
to the south the porphyry rests on massive, slightly 
indurated sandstone belonging to the lower part of the 
Ferron. The contact dips in a southerly direction and 
farther south cuts downward across the sandstone to the 
underlying Tununk shale. The crosscutting is accom- 
plished by a series of small steps each about 8 ft high. 
The larger steps descend to the southeast, but minor 
steps rise to the southeast and reverse the general trend 
of the crosscutting. In addition to these steps the con- 
tact is irregular across a zone a few inches high. 

Half a mile east of the summit of Horseshoe Ridge the 
Tununk shale dips 20° NW. and the floor of the laccolith 
cuts stratigraphically downvvard across these beds. 
About 200 ft farther southeast the dip increases slightly, 
the laccolith is concordant on the beds, and the contact 
rises structurally to the crest of the ridge. 

The contact is exposed also along the south side of the 
ridge where the eastward crosscutting to lower strati- 
graphic horizons continues until at Bull Creek the lacco- 
Hth, only 140 ft thick, is 120 ft below the top of the 
Tununk shale. This thinned part of the laccolith dips 
southwest off the Bull Creek laccolith. 

Along the contact the porphyry has a cataclastic flow 
structure, but only an inch or two above the contact the 
porphyry is coarsely porphyritic and contains no obvi- 
ous flow structure. Shale underlying the porphyry is 
baked to hornfels and brecciated for a few inches 
downward from the contact. 

The concordant roof of the laccolith dips 25° S. along 



each side of Bull Creek. The roof contact is irregular 
through a stratigraphic range of about 2 ft, in which 
the beds of shale are baked, bleached, and contorted. 
Higher beds are merely indurated. 

To the northwest the roof contact is not well exposed 
but there are numerous outcrops of the Ferron sand- 
stone and porphyry near the contact, and the strati- 
graphic rise of the roof northwestward appears to 
reproduce exactly the known northwestward rise of the 
floor. In other words, the Horseshoe laccohth is 
shghtly discordant. At the north end it overlies the 
Ferron sandstone but in 2^ miles to the southeast the 
laccolith cuts across 300 ft of beds to a stratigraphic 
position about 120 ft below the Ferron, Moreover, 
as each bed is cut off by the floor it reappears at the 
roof. The divergence between the south dip of the 
roof rocks and southwest dip of the floor is due to 
westward thickening of the laccolith. 

On the divide at the head of Nazer Canyon, the Blue 
Gate shale dips 35° SE. and is cut off by a nearly 
vertical discordant contact on the back side of the 
laccolith, but the discordance is probably only a local 
irregularity in the roof. 

Along the crest of Horseshoe Ridge and on the slopes 
on either side the porphyry is weU exposed. Just 
north of the peak two guUies draining the east side 
provide continuous exposures from the ridge crest to 
the floor of the laccohth, but no signs of differentiation 
within the laccolith were detected in them. The 
porphyry is uniform in composition and texture from 
floor to ridge crest. 



NORTH SPUR INTRUSION 



The North Spur intrusion forms a prominent ridge 
dividing the headwaters of Oak Creek and Birch Creek. 
A pass, 600 ft lower than the summit of North Spur, 
separates it from the peak of Mount Ellen. This 
intrusion formes one of the largest m_asses of porphyry 
exposed in the Henry Mountains but its steep sides 
are so covered by talus that the contact of the porphyry 
and country rock was found only near the foot of the 
north slope. The shape of the intrusion, therefore, is 
largely inferred from the topography and its outline 
probably is much more irregular than shown on the 
map (pi. 7). The intrusion probably connects with 
the North Summit Ridge intrusion along the divide 
between the heads of Birch and Oak Creeks. 

Several exposures of the roof contact near the foot 
of the north slope of the North Spur show that the top 
of the intrusion plunges northward. Directly south 
of Dry Lakes is a series of structural troughs in the 
roof that trend and plunge northward with the roof 
of the intrusion. These troughs contain remnants of 
the shale roof and are separated by ridges of porphyry. 
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Figure 39.— Isometric fence diagram of the Table Mountain bysmalith and the intrusions in the ridge northwest of Mount Ellen and north of Cedar Creek. Tp, porphyry; 
Kmbg, Blue Gate shale member, Kmf, FeiTon saiidstone member, and Kmt, Tununk shale, members of Mancos shale; Kd, Dakota sandstonej Jm, Morrison formation; 
Jsr, San Rafael group, undivided. 
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Like the similar troughs antl ridges on the roof of other 
laccoliths in the Heiiry Mountains they tue parallel 
to the apparent du'ection of intrusion (fig. 56)* 

LACCOLITHS BETWEEN CEDAR AND OAK CREEKS 

The highest laccolith between Cedar and Oak Creeks 
forms the peak of the ridge a mile northwest of the 
peak of Mount Ellen (fig. 39). Beneath the laccolith 
the Ferron sandstone and Tununk shale form a shallow 
structural basin. The north end of the lae.eolith lies 
concordantly on the sandstone but southward the 
laccolith cuts upward and near Mount Ellen it is in 
contact with the Blue Gate shale ^ considerably above 
the Ferron. 

Underlying this laccolith is a much thicker, more 
extensive intrusion (fig. 39) that is probably' also lac- 
colithic although the floor is not exposed. Aroimd the 
north and west sides of this intrusion strata are turned 
up ver^- steeply, locally overturned. The roof is 
moderately discordant. Dakota sandstone forms the 
roof near the middle of section 5, but a little farther 
south the roof is Tununk shale and still farther south 
the roof is Ferron sandstone. This laccolith, therefore, 
like the Overlying one, crosscuts to lower stratigraphic 
horizons away from Mount Fllen. 

The laccolith on the north side of Cedar Creek, the 
i^ laccolith of Gilbert's report, is at about the same level 
as the la(^colith just described and the two may be 
connected. This laccolith like its immediate neighbors 
crosscuts to older formations away from the mountain, 
the east end being in the Ferron sandstone w^hereas the 
west end is in the Monison formation, more than 500 
ft stratigraphically lower. 

Along Cedar Creek the foimations dip about 25° N. 
oflf the Pistol Ridge laccolith, but just north of the creek 
the dip is abruptly reversed and the strata are dragged 
lip steeply against the almost vertical side contact of 
the laccolith north of the creek. Where the strata are 
turned up less steeply, as near the south quarter corner 
of section 7, the steep contact is distinctly crosscutting. 

At the southeast corner of section 7, a part of the 
laccolith extends southeastward beneath the Fenon 
sandstone^ but the sandstone is (*ut off northward by 
the porphyi'y, which cuts upward through it. The 
porphyry must cut upward to the east also becaxxse east 
of the outcrop of the Ferron, un the north side of Cedar 
Creek, Blue Gate shale concordantly overlies porph3'T3' 
that appears to be part of this laccolith. 

The west end of the laccolith is incompletely exposed 
but the contact is steep because it follows a nearly 
straight course across the di\nde north of Cedar Creek. 
Little is known about the north side of the laccolith and 
the inferred connection with the laccolith in section 5 is 
uncertain. 



BYSBIAUTHS 

The Table Mountain, Bull Moimtaiu, and Ragged 
Mountain b^^smaliths are nearly circular bulges (fig. 40), 
whereas the laccolitlis are bulged linearly. These 
bysmaliths are surrounded by c|uaquaversal dips, 
w^hereas the anticlines over most of the laccoliths are 
open toward the Mount Ellen stock or North Suromit 
Ridge. The contacts on the sides of the bysmaliths 
away from the stock are very steep and in part at least 
are faulted; the sides toward the stock were raised by 
folding. The bysmaliths are located on the fringe of 
the cluster of laccoliths. 

The bysmaliths resemble the laccoliths in that their 
roofs are less displaced on the side toward the stock 
than on the distal side, they are composed of the same 
porphyry, the metamorpliism is equally slight, internal 
flow structure is obscure, slickcnsiding is just as ir- 
regularly disposed, and jointing is no more orderly. 
Furthermore, the roof of each bysmalith has one or 
more dikelike prophyry ridges that are aimed radially 
from the Mount Ellen stock, I infer that the bysma- 
Uths were injected from the Mount Ellen stock and 
that they broke upward where the overlying rocks 
were not reinforced by other intrusions. 

TABLE MOUNTAIN 

Table Moimtain is an almost circular butte of 
l)orphyry having precipitous sides about 400 ft liigh on 
the north and west sides but merging with the foothills 
of Mount Ellen to tlie south and east (fig. 40). The 
sides of the butte approximately mark the edge of the 
intrusion but the contact is largely concealed by an 
apron of talus. Along the north wall are a dozen 
spectacular monoliths. 

Gilbert spent two days examining Table Mountain, 
called by him the Marvin e laccolith, and his field 
notes for those days contain a veiy complete exposition 
of his concept of the form and mechanism of laccolithic 
intrusion. These notes are repeated almost verbatim 
in his published report. The almost perfect mushroom 
form of the Table Mountain intrusion (pL 5, fig. 39) 
was accepted by Gilbert as the ideal structural form of 
laf! (eoliths. 

Along the northeast side of Table Mountain the 
contact dips about 80^ NE. It cuts back and forth 
irregularly across the bedding, in a zone about 2 ft wide 
in which the rocks are crushed, but the Tununk shale 
also dips about 80"" away from the porphyry. A 
hundred feet away from the contact the dip is reduced 
to 66^, Even at the contact the shale is only moderately 
baked. 

Along the northwest side of the intrusion the contact 
continues steep, dipping about 80"^ NW. It is more 
regular than farther east but is intenuptcd by uregular. 
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FiniTRE 40,— Oblique vlow across the north ond of Mount Ellen. Table MotinbilE is a bysmallth. The steep side e^jritaets are exposed at tho outer odgo of the ring of monoliths; on the smooth top Of the mountain 
a bod of sandstone 15c9 concord;mtly on the porphyry. Jujsros Bqttc also is a bysraallth. Each of the rld^cs bctwtKjn the creeks dralnlni^ tho north side of Mount Ellen contains one or more laccoliths. PhotO' 
^aph by Fiilrchild Aerial Surveys. 
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small apophyses of porphyry injected into the steeply 
dipping baked shale. 

On the southwest side of the intrusion the contact is 
less steep but more irregular than along the north side, 
and the displacement is accomplished by a secies of 
steps that have concordant roofs and discordant sides. 
Near the north line of section 32, the contact and upper- 
most strata of the Morrison formation are vertical, 
but the contact is discordant and the strikes converge 
northwards. The point at which the Morrison is cut 
off northward is concealed in the talus slope. 

A aiU in the Tununk shale southw^est of the by amah th 
is about 20 ft thick at its most northerly exposure, but 
it gradually widens southward to about 65 ft. The 
sill is not continuously exposed and the isolated expo- 
sures arc offset a few feet en echelon, though the offset 
is not consistently in one direction. Where the sill 
joins the bysmaJith the concordant strata enclosing 
the sill strike directly toward the side wall of the 
bysmahth, but the contact is not exposed. 

Immediately south of where the sill joins the bysma- 
lith the adjoining shale is thoroughly brecciated, a 
condition rarely found in the Heniy Mountains except 
around the- stocks. The contact between the breccia 
and porphyry dips 50° toward the intrusion. The 
width of the exposed breccia away from the contact is 
at least 12 ft. 

Foi' a sliort distance along the south edge of Table 
Mountain the contact is irregular and a wedge of 
prophyry extends discordantly into the Timuuk shak% 
which is brecciated through a width of 2 to 5 ft. The 
contact has at least two right-angle offsets. 

On the southeast side of Table Moutain two belts of 
steep dips arc separated by a belt of lesser dips. The 
Ferron sandstone and the immediately adjacent shale 
beds dip about 60'' SE. Most of the Tunvmk shale and 
the uppermost beds of the Morrison formation dip 1^0° 
or less southeast. The Alorrison beds whicli overlie 
porphyry in the strike valley dip about 45^ SE. The 
sheet of porphyry in the upper part of the Morrison is 
about 100 ft thi{^k, but its floor dips more steeply than 
its roof. The sill, about 1,000 ft long in the Mancos 
shale, is about 50 ft thick at its bluntly rounded north 
end, but thins to 8 ft at its south end. The structural 
displacement on this side of the bysmahth is less steep 
and less in amount than on the northw^est side (pi. 5). 

The Table Mountain bysmahth has a smooth, gently 
undulating, upper surface. The highest point topo- 
graphically is tht* highest point structurally. From it 
the roof slopes away in all directions, steeply to the 
south and southwest, gently (20 percent) for' more than 
a mile to the north. A considerable part of the upper 
surface of the porphyry is concordantly overlain by beds 
of the Morrison formation. Locally there is as much as 



100 ft of this roof rock, nearly all of it moderately indu- 
rated sandstone, but generally the roof is thinner, 
commonly as httle as 25 ft. The sharp contact of the 
roof is gently undulaiory in waves which generally are 
less than in. high and 12 in. apart, and which dis- 
cordantly intrude the roof rock at some places. Even 
where the Monison has been eroded from the roof the 
surface of the porphyry is smooth and practically marks 
the position of the contact. 

A dikelike ridge of porphyry, about 50 ft high, dis- 
cordantly intrudes the roof at tlie south end of Table 
Moimtain. It trends a little west of north and like the 
similar ridges on top of the laccoliths is alined witli the 
Mount Ellen stock. However, in the eastern part of 
the roof of the Table Momitain bysmaUth, small troughs 
20 ft wide and 2 or 8 ft deep trend eastward, which 
suggests that these small iiTeguSaritics in the roof slope 
with the roof radially from the peak of the bysmahth. 



BILL MOUNTAIN 



Jukes Butte, referred to in Gilbert's report and locally 
called Bull Mountain, is one of the most conspicuous 
landmarks on Mount Ellen (fig. 105). Its top is 2,000 
ft higher than Bull Creek and 2,500 ft higher than 
Granite Creek, and it stands isolated between those 
streams where they emerge from Mount Ellen. The 
strata around the butte are not domed by the intrusion, 
but there is a drag along the contacts. Only a short 
distance away the strata are nearly fiat or reflect other 
structures independent of this intrusion (pL 10). 

Along the west side of the intrusion the contact was 
not found and only at two places, where sedimentary 
rocks and the porph>Ty are exposed close to one another 
can the position be inferred very closely. At each of 
these places the Morrison beds nearest the intrusion are 
vertical On the north side of the intrusion the por- 
ph>Tv is in contact with Morrison beds tliat are strati- 
graphically about 100 ft below the top of that formation 
(fig. 41). The contact dips about 80° away from the 
intrusion and the strata at the contact, dragged up 
almost concordantly, are moderately crushed and frac- 
tured. The contact, exposed through a vortical 
distanee of about 50 ft, dips somewhat more steeply than 
the adjacent dragged beds. Four hundred feet from 
the contact the Dakota sandstone and the overl^ii^ 
beds dip 20^ away from the intrusion. The contact 
itself is slightly irregular owing to small porphyry bulges 
squeezed into the adjacent strata. 

On the northeast side of Jukes Butte some Morrison 
beds extend onto a structm-al bench in the porphyiy. 
The upper surface of the bench and the overlying 
Morrison beds dip about 45° from the intrusion, but 
locally the dip is steeper. Southwestward the Mor- 
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FlGUBE il.—At Stetp discordant coiitacl ontheiiortli side of Bull Mountain bysmalith, poiphjTy at the right. The geologists arc standing 03i and pointing to the contact. 
UpT:feniiost beds of the Morrison foTxnation are dragged up nearly vertJcally at thtt side of the bysnialith. B, Steep discordant eontaot nt the south side of the Cedar Creek 
laccoUtbf porphjTy at the right. Entrada sandstone (left) is dragged up steeply and crushed against the contact. C» Steep discordant contact on the east side of Bull 
Mountain b j^suiaUth, porphyry at right. ThG ledge of nearly horizontal ro^k at the lower left is sandstone of the Morrison formation. This bed is turned up vertically 
along the contact with the porphyry. Photographs by H, D, Miser. 
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rison hodfi nrc cut off discordantly at a steep side Wflll 
of the main intrusion. 

A similar structural beach along the east side of the 
intrusion is exposed iix the south half section 5. The 
surface of the bench slopes 45° eastward and is con- 
cordantly overlain by a thin veneer of Morrison strata. 
On the mountain ward side of the bench these strata are 
turned upward but are cut off discordant [y along a 
nearly vertical contact at the foot of a porph>Ty clift* 
that forms one of the side walls of the main part of the 
intrusion. The bench ends eastward at the rim of a 
second porphyry chff along which the contact is practi- 
cally vertical and the adjacent strata are dmgged 
upward but cut off discordantly (fig. 4 16^. 

Extending northeastward from this structural bench 
is a sill that, together A\ith the enclosing Aloirison strata, 
forms and east ward -facing cliff near the foot of the 
mountain. The sill is about 125 ft thick where it joins 
the bench but it thins progressiveh^ northeastward and 
it must thin northwestward also because the roof of the 
sill di])s rather steeply northwestward from the rim of 
the cliff whereas the floor is nearly hoinzontal. When 
viewed from the east this sill looks v^ery much like the 
tapermg fiiiige of the base of a laccolith but actually it 
is only a nanow tonguelilie satellite iwojecting north- 
eastward from the main intrusion. Tluee himdred feet. 
to the south, at the southern edge of the porphyry 
bench with which the sill is connected, the same Mor- 
rison l)eds are dragged upward along a discordant 
contact and contain no sill. 

Along the southeast side of Jukes Butte the contact 
is steep and locall}' dips 65° towards the intrusion. The 
adjacent se<limentary rocks ai'e not disturbed by the 
intrusion except for a very nanow drag zone, generally 
DO more than a few feet wide. One hundred and fifty 
feet from the contact the strata dip 10° toward the 
intrusion. The steep contact crosscuts at least 100 ft 
of the upper part of the Momson fonnatioa and the 
Dakota sandstone. 

The ridge of porphyiy southwest of Jukes Butte 
probably" represents an oblique section across an intiu- 
sion that bulgt^d linearly along a southwest -trending 
axis, A narrow band of steeply clipping sedimentary 
rocks consisthig of 150 ft of uppermost beds of the 
Morrison formation and the Dakota sandstone separates 
this intrusion from the Bull Mountain b^ smalith. 

At many places the top of Jukes Butte is a fairly 
smooth surface sloping northeastward and it i^robably 
represents the original top of the intmsion. Several 
dUvclike ridges of porphyry on top of tlic bj'smalith at 
its northeast end are no higher than the top of the but te 
but make waUs a hundred feet or more high on tlie 
north slope. They are alined with the stock, like the 
dikes on top of the laccohths and on the other two 



bysmaliths, so are probably original intrusive features 
though considerably modified by erosion (fig. 105). 

The foimations southwest of Jukes Butte are struo- 
tiually several hundred feet higher than the fonnations 
northeast of the niountaui and undoubtedl} are under- 
lain by poiph^Ty, part of which may connect the 
li^'smalith with the Mount. Ellen stock. The strati- 
graphic position of the floor of the b3'^smalith is not 
known but can be no higher than the middle of the 
Moirison foiTuation. 



RAGGED MOUNTAIN 



Ragged Mountain, an isolated butte by Slate Creek 
(fig. 2 A, 42A) and a conspicuous landmark at the 
southeast side of Mount Ellen, is 1,000 ft higher than 
Garden Basin and 2,000 ft higher than Slate Creek 
which flows by its southern base. The mountain sum- 
mit is a naiTOw jagged porphyry' ridge; on its sides are 
ragged spurs of porphyry separated by loose rock shdes 
(fig. 27) ; its base consists of a series of cliffs fomied by 
nearly horizontal beds of sandstone. The hill has been 
eioded considerably and the present topograpliic fomi 
proliabl^^ beai^ little resemblance to the original foixa 
of the intrusion. 

Ragged Mountain is a bysmalith around which the 
strata are turned up vertically and locally even over- 
turned. The contact is about 1,000 ft below the peak. 
At the westernmost of the excellent exposures on the 
south side, sandstone beds near the middle of the Mor- 
rison foimation are turned up vertically and shale beds 
that underhe the sandstone are overturned 55° at the 
contact with the porph\T'3\ Eastward the porph^ ry cuts 
across the lower half of the Moriison to the Summer- 
ville. The Sunmierville also is overturned 45°, but 
al)out 150 ft awa\' from the contact, sandstone beds of 
the Morrison are vertical and within 300 ft from the 
contact these beds are nearly- horizontal (fig. 42B), 

On the east and southeast sides of the butte Morri- 
son beds are turned ui3 verticall> , or nearly so, at the 
contact, and farther north along the east side beds 300 
ft from the contact are also vertical. These beds that 
(lip steeply away from the contact flatten within a few 
hundred feet and fonn cliffs around the foot of the 
mountain. 

Along the north side of Ragged Moimtain the Dakota 
sandstone and the upper part of the Morrison fonnation 
are nearly veHical at the fault and at the small outcrop 
1,000 ft to the west. Because the Dakota sandstone 
is about 700 ft from the edge of the intrusion, the 
Sunmierville and uppemiost Entrada may be present 
at the contact as indicated on the map (pi. 7), although 
these formations were not identified in the field. 

On the west side of the intrusion Monison strata at 
the contact are turned up 75*^ to 90°. At most places 
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FiouBS 42.— Views on Mount Ellen. A, Ragged Mountain, looking across the Canyon of Slate Greek. Kearly horizontal bods of sandstone appear to pass under the mountain but thoy are turned vertically at the 
contact with the porphyry forming the upper half and «>re of the mountain. The intrusion is a bysmallth. /?, View along the south side of the Ragged Mountain bysmallth showing sandstone bods of the Morrison 
formation dragged up steeply against the side of the intrusion but Hat a short distance away from it (right). C, Lawler-Ekker placer mine on the gravel henchos below Eagle City. 
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these dips diinmish progressively away fi^oiu the in- 
trusion but at the south end of the syueluie of the 
Dakota sandstfUK^ the rocks 300 to 500 ft from the 
contact, induding the Dakota, aie overturned. These 
overturned stmt a are adjacent to the neail^' horizontal 
beds that rim the canyon, so the break between the 
dips is extremely sharp. 

No roof rocks remain on the bjsmalith but a sharp 
dikelike ridge on the crest trends southeast, is alined 
with the Mount Ellen stock (fig. 27), and probably- 
reflects an original intrusive structure. If so, the top 
of Ragged Mountain roughly coincides with the orig- 
nial top of the intrusion. 

The alinement of this dikelike summit ridge with the 
!Mount Ellen stociv fits ttie radial pattern of the satel- 
litic intrusions around the stock. Moreover, a south- 
eastward, as well as an upward thrust, is indi(*ated 
because the formations underlying the Copper Kidge 
la<'( olith in Garthm Basin are structm*ally al>out 300 
ft higher than the formations southeast of Ragged 
Mountani. Presumabl}' another laccolith or slieet 
imderlies tiie Copper Ridge laccolith and connects the 
Ragged Mountain bjsmalith \^ith the Mount Ellen 
stock. The stratigraphic position of this infened con- 
necting intrusion is not known but m the vicinity of 
Ragged Mountain it can be no higher than the Summer- 
ville formation. 

BTTEIED lACCOirTHS 

Aioimd the foot of Mount Ellen are four anticlinal 
fohls that resemble the anticlin(\s over the laccoliths 
and they undoubtedly overlie bvu*ied laccoliths. These 
folds arc located on the east, northeast, and north sides 
of the mountain. No metamorphism was observed on 
these folds, but metamorphism is slight cverjTvhere in 
the Henry Mountahjs and particular!}' so where there 
is considerable sandstone, as there is at all but one of 
these folds. Two of the folds are cut by dikes that 
trend radially' from the Mount EUen stock* 

On the east side of the mountain, at the south, is 
the Maze Ai'ch which exposes the entue thiclmess of 
the Glen Canyon group and has more than 500 ft of 
closure. The cast and southeast flanks of this dome 
merge w ith the flanli of the largi^ Mount Ellen dome 
(pL 5). The dips are steepest and the displacement 
b}' the fold is greatest on the side away from the stock 
and a small dike in the dome trends southeast. Prob- 
ably the dome is underlain by a laccolith in the Triassic 
or older rocks. 

Farther north along the east side of the moimtain is 
the Crescent Arch which is cut b}- a dike that extends 
IK mUes northeasterly. The southwest flank of the 
arch is braken by minor faults pamUel to the dike 
(pi. 7). 



At Reservoir Basin, cast of Jukes Butte, an anti- 
(linal nose plunges northeastward (fig. 105) and a 
similar fold at J(it Basin, northeast of Tabic Mountain, 
plunges noilhward (pi. 5). These two folds, like the 
anticlinal noses over the laccoliths, plunge away from 
the mountain, but they differ from the Maze and 
Crescent Ai'ches in being open towards the mountain. 
Reservoir Basin and Jet Basin arc probably imdcrlain 
l>y laccoliths although no intrusive rocks were found 
in them. The laccolith under Reservon Basin can bo 
no higher than the lower part of the San Rafael group 
and the laccolith under Jet Basiir can be no higher than 
basal Morrison. 

Except for these four domes the flanks of the Mount 
Ellen uplift are smooth; apparexitly the Mount Ellen 
cluster of mtrusions includes no more than these four 
l>uried laccohths outside the belt of exposed intrusions. 

MOUNT PENKELL 

Mount PeimeU consists of a cential stock around 
wliich the sedimentaiy mcks, intruded by a few lacco- 
litlis and many dikes and sUls, are turn(^d up 45*^ in a 
nearly circular dome (pi. 11), The dome has a struc- 
tural relief of about 6,000 feet (pi. 5) and tlii'ough the 
flanks laccoliths were injected northward and north- 
eastward from the stock. These laccolitlis fonn linear 
bulges like the laccolitlis on Mount Ellen (pi. 9) and 
tlieir roofs are arched into anticlines tliat plunge radi- 
ally away from the stock. Sills aie numerous. They 
dip aw ay from the stock (figs. 43, 44) and many of them 
cut to higlier stratigraphic horizons down the dip. 

Brccciation aiound the Aloimt Pexmell stock is 
negligil)le except for an elongate mass of scrambled 
Bctlimentary and ignt^oua rocks fonning Bulldog Ridge 
southeast of the stock, and a similar but iiTegular and 
less well exposed mass in the head of Deer Creek west 
of the stock. 

The stock itself consists of diorite porphyry, monzo- 
nite porphyry, and aplitic dikes. The monzonite 
porphyry is intrusive into the diorite porphyry and both 
tliese rock types are cut by very thin aplitic dil^es. 
Ail the laccohths except the biotite-bearmg Horn 
laccolith are composed of diorite porphyry, but the 
siUs and dikes are composed of either diorite or monzo- 
nite porphyiy. 

MOtTHT PENIiBlX BTOCE 

Ai-oiuid the peak at the center of the Mount PenneU 
dome, is a porphyry stock that covers about 2 sq mi 
(figs. 2l?, 43). Not only is the stock at the center of 
the structure but it is also at the center of igneous 
activity on the mountaui — the center fmm which the 
lac€ohths and other satelhtic uiti-usions radiate. 
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FmiiEE 43,— Oblique vlow northeast across Mount PcnnclL The canter ci the Mount Penncii stock is just south of the twin peaks of tho motintain. ■■ The mountain flank in the lores round consists of Cretaceous 
forraatioua latrud<id by many sUJs dipping 20** to 45" away Irom the stock. The Emery sandstone member of the Maacos shale forms the dip slope In the foreground andjhe hogback at the left. Photographs 
by FairchiJd Aarlal Surveys. 
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Around the stock is a:i aureole of epldotizod indurated 
rock* Tins mctamoqjliisnn, even thi-ough slight , is never- 
theless moT'C intense thaji around the kno\%ii laccoliths. 
Aplitic dikes and minor deposits of sulfide minerals 
are practically restricted to the stock. The structural 
position of the stock at the center of a huge symmetrical 
dome and the discordance between the stock and sedi- 
mentary rocks turned up ai^oimd it furthei' distinguish 
this intrusion from the peripheral satellitic ones. 

In the eenti'al part of the stock is a considerable mass 
of monzouite porphyry. This rock is veiy unevenly 
porphyijtie and contains much potash feldspar, some 
of it in phenocrysts a.s long as A}i in. Textural varieties 
of the monzonite porphyry complexly intrude one 
another and these in tmn are intruded l)y narrow aplite 
dikes. 

The outline of the central core of monzonite por- 
phyry is piohably much more uTegular and may he 
very different tlian shown on the map (pi, 7). The 
outer limit of this core is well defined on each of the 
half dozen ridges that radiate from the peak but the 
boundary is concealed across the inter vennig valleys. 
Judging from float, however, the contact Is about 
vci'tical, dipping towards the core at the head of Deer 
Greek and dipping away from the core at the head 
of Dark Canyon. 

There is a suggestion of a concentric 6r ring structure 
within the stock. On the ridge between the head of 
Straight iuid Corral CiTeks, five of eight intrusive con- 
tacts are parallel and trend northeast; the other three 
are not well exposed. Northwest of the peak two 
intrusive contacts trend northeast ^ and northeast of the 
peak two contacts trend northwest. At the peak the 
intrusive relations are irregular. North of the peak, on 
the ridge cast of Dark Canyon, eight dikes trend east 
or a little south of east. On the ridge 2,500 ft southwest 
of the peak a dike trends northwest. On the other 
hand, so uH least of the monzonite porphyry core the 
dioritc porphyry is intmded by uTegular dikes of mon- 
zonite porphyry that are suggestive of a radial structure. 

No shatter zone was recognized around the Mount 
Pennell stock for the prophyry ends laterally against 
steeply tilted sc^dinicmtary rocks. East of the stock 
the stzata are vertical and at places eVen overturned, 
l)ut the dips are much less steep a short distam'C from 
the contact. The doming is less steep on the south 
and west sides. The north flank of the dome is broken 
by a discordant iiTegidar mtrusion that extends north- 
ward fi^om the stock to the laccohtlis north of the nioim- 
tain. Thus the Mount PenneU stock is asymmetric as 
if injected north-northeastward as weU as upward. The 
satcUitic intrusions add to the asymmetry, for the well- 



developed laccohths are restricted to the steep flank at 
the north and northeast sides of the stock. 

No valuable ore deposits have been found in the 
Momit Pennellstock but minor quantities of copper, gold, 
and silver occur in the upper part of Str^iglit Ci eek near 
the south edge of the central core of monzonite 
porphyry. 

BULLDOG MBGE AND BEOWNS KNOLL 

The Bulldog Ridge, a prominent spur extending 
southward from Mount Pennell, is a complex of sedi- 
mentary and igneous roclv anfl is shown on the map as 
a shatter zone (pL 7). Along the crest of the ridge are 
irregidarly tilted and (.-JTiinpled masses of baked shale, 
presimiably belonging to the Blue Gate shale. These 
masses are cut discordantly by irregular intrusive 
masses of monzonite and dioritc porphyry. Few of the 
intrusions are hurge. Topogi'aptuc benches along the 
southwest and northeast sides of the ridge are under- 
lain by gently dipping, irregulai' sheets, 

Wliere Bidldog Ridge joins the higher ridge south of 
Straight Creek a fairly lai'ge porphyry mass concord- 
antJy overlies Ferron sandstone, which dips about 45*' 
away fiom the stock. South of this locality Bulldog 
Ridge is thought to represent a flue that rises outward 
from the stock and through which anastomosing por- 
phyry intrusions were injected from the stocli. These 
intrusions probably supplied the sheets imderlying the 
benches on each side of the ridge. This flue probably 
penetrates the strata dipping off the stock hi the south 
wall of Straight Creek but cross-cutting cx^ntactswerc 
not found. 

Browns KnoU and the benches intervening between 
it and Bidldog Ridge contain tliick porphjTy sheets 
injtTted along the Emery sandstone^in part along the 
base, in part along tlie top. Half a mile south of the 
IcnoU a porphyry sheet ends al)ruptly agamst a vertical 
vdge of the Emery sandstone, which must liave been 
displaced by faulting at the edge of the intrusion. This 
structure is duplicated, though less well exposed, half 
a mile farther south. 

In the center of sec 24, T. 33 S., R. 10 E., a sheet 
that extends from BuUdog Ridge eastward beneath the 
Emeiy sandstone thms eastward and the loof rocfe, 
mclucling higher intrusion sheets, dip southeastward off 
it. It connects with a lower shoot near the south edge 
of BuUdog Ridge and the lower sheet thins at the south 
line of the section. A thousand feet north of Mud 
Spring the roof plunges southeastward and ridges and 
troughs in the top of the porphyry also plunge south- 
eastward. The ridges appear as small dikes, and the 
intervening troughs contain canoelikc remnants of the 
roof rocks. 
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UTTRUSIONS BETWEEN PINE SPRING AND SOX CANYON 

The southwest flank of Mount Pennell consists of 
a series of intrusive sheets that dip, with then* liost 
rocks, 20° to 45^ away from the stock (fig. 43). Dis- 
section of these rocks has produced sharp-pointe^l 
revet ci^gs that face the mountain. rx)ose talus at 
the foot and sides of the clilTs extends to the valley 
bottoms (fig. 44). Valleys are narrow and steep, 
and their streams have numerous cascades over roclc 
ledges, or over temporary dams fonned hy the slides. 
This is one of the roughest parts of the Henry Mouii- 
tains — one that is largely trailless and rarely visited 
except by maverick cattle. 

The dip progressively increases toward the mountain. 
Near the stock the sills are nmnerous and only thin 
bands of sedimentary rocks separate them, but farther 
from the stock the sills are more widely spaced, although 
not noticeably thinner. Many of tlie sills discordantly 
cut to younger strata, away from the stock; thus some 
strata do not appear at the surface, having been removed 
from, the exposed roof of an intrusive and cut oft* do\N n 
dip by the porphyry and concealed beneath it. This 
crosscutting probably accounts for the apparent thin- 
ness of the Tununk shale at the head of Sill Canyon, 
where only about half of the shale unit seems to be 
present. 

The sills above and just below the Fentyn sandstone 
in the vicinity of Pipe Spruig are simple enough stnic- 



turally, but farther up Deer Canyon and along the 
divide south of the canyon complex intrusive and 
structural relations are interpreted to be a pipelike 
shatter zone like Bulldog Ridge (pi. U). 

Sills along the divides between the forks of Sill 
Canyon are slightly discordant and cut to younger 
strata away from the stock. They pmbably thin 
northwestward in the divide between Sill Canyon 
and Wild Cow Cannon but the exposures there are 
poor. 

The sheet that is intruded into the Ferron sandstone 
southeast of Wild Cow Canyon is very thick on tlie 
ridge but it is much thinner to the west and to the east. 
The details of its bulbous form are conjectural because 
(he roof contact is concealed and the floor is exposed 
only at the very crest of the ridge. Ferron sandstone 
is exposed above the intrusion near Wild Cow Canyon 
whereas faithcr east no FeiTon was foinid above it. 
Thus eastward the intrusion probably cuts upward to 
the top of the Fenon. 

Both diorite and inonzonite porphyry ocmir in these 
<likes aud sills. The dike of monzonite poiT)li3ry at 
the head of Sill Canyon is well exposed cutting across 
the sills of diorite porph^'ry. 

These sills and the others on Mount Pennell were 
probably intruded during the uplift of the Mount 
Pennell dome, which apparently was formed by the 
intrusion of the stock (see p. 139). Some of the sills 
and dikes are composed of monzonite porph\ ry, whidi 




FinuRE 44.— Onu of the thick silte In the Cretaceous formations on the southwest flank of Mount rwinolL View is northwest in Wild Cow Canyon. 
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repr^ents one of the late intrusive phases. Probably 
there was continued doming while these sills were 
being intruded. Their shapes sugj^'est that they weie 
injected laterall^^ from the dikes or other crosscutting 
bodies, rather than from the stock, and that they 
were injec;ted along the strike rattier than down the 
dip of the domed strata. 

DARK CANYON lAGCOIITH 

The Dark Cannon laccolith forms a w4de and promi- 
nent ridge between Mud and Gibbons Springs on the 
north side of ]Mount Pennell. The creek in Dark 
Canyon is incised about i^50 ft into the porpb^Ty of the 
laccolith but has not yet cut its way to the floor. Thus 
this creek, like Bull Creek and Dugout Ci'eek on Moimt 
EUen, did not sliift its course off the structure duiing 
the uncovering of the intrusion. 

The laccolith was probably injected slightly east of 
north from tlie Mount PenneE stock (fig. 45). It is a 
broad flat- topped mti-usion with a steep north side and 
less steep east and west sides. It intnides the top of 
the iforrison formation, at most places about 50 or 75 
ft below the Dakota sandstone, but locally along the 
soiitlieavst side it (uts upward to the Dakota. 

Southeast of the laccolith the stmta are nearly hori- 
zontal, but at the edge of the intrusion they are turned 
up abruptly about 30°. They flatten again equally 
abruptly across the top of the intrusion. 

East of Dark Canyon the roof is practically horizon- 
tal, but west of the cannon it dips about 15^ W. Far- 
ther west the dip increa^^es to about 30*^ and the steep 
dip is maintained in the FeiTon sandston{j in the 
vicinitj^ of Mud Spring. 

The northeast edge of the laccolith is nearly straight 
and the adjoining Morrison beds are timicd xip alnaost 
vertically at the contact. These steeply dipping beds 
abruptly flatten and become neaily horizontal only a 
short distance away from the intrusion. This is the 
distal edge of the intrusion and^ in common with most 
other laccoliths in these mountains, is steeper and more 
blmit than the two sides. 

Wlicre the trail crosses Dark Canyon upstream from 
the laccolith, porphjTy cuts discordantly across the 
Dakota sandstone and the Tununk shale. From the 
upper part of this discordant mass a sheet extends 
northward across the Ferron sandstone and into the 
overl^^ing shale along the west flank of the Dark Can- 
yon laccolith (fig. 46). 

THE HORN lACCOnTH AND ADJACENT IWTKDSIONS 

The Horn laccohth is a linear bulge of biotite-be^ing 
porph^-ry tliat- emerged nortliward trom. beneath a 
slieet of diorite porphn'}. The axis of the intrusion is 



alined with the stock; tlie general form is shown in 
figure 45. No exposures of the floor were found but 
several exposures of the roof indicate that the intrusion 
thins eastward and westward by a stepping down of 
the roof. The laccolith intrudes the Blue Gate shale 
near the top of the Ferron sandstone but southw^ard it 
cuts downwai'd through the sandstone, at least locally^ 
because small patches of Ferron overlie it. 

At the high part of The Horn (fig. 46), called Senti- 
nel Butte by Gilbert, the laccolith is 1,000 ft or more 
thick. Viewed from a distam e, the upper 100 ft appears 
as a sheet that is distinct from the lower part of the 
intrusion, but this may be only a weatheiTng phenome- 
non controlled by the more abundant joints in the 
upper part, because the rock in the ridge is afl one type 
and close inspection failed to reveal the suggested 
sheeted structure. 

On the crest of the ridge only 2 to 5 ft of baked 
Blue Gate shale separates The Horn laccolith from the 
higher slicct of diorite porphyry which occupies most 
of the 2 square miles south of The Horn. This sheet 
is thin and not well cxpresse<l topographically at the 
south end of The Horn but it thickens eastward and is 
bulged Unearly. vSoutheast of The Horn the l>ulge 
forms a ri<lge on top of wliich are two northwanl* 
trending dikelike porphyry ridges about 50 ft high. 
Tlie trough between the lidgcs is 1,000 ft long, 150 ft 
wide, and contains remnants of the roof of the Blue 
Gate shale. These structures are alined with the stock. 

COYOTE CEEEK lACCOIITH AND NEIGHBORING INTBUSIOKS ON THE EAST 
SniE OF MOUNT PENNEIl 

The Coyote Creek laccolith covei^s about 1 sq mi but 
is not veiy distinct topographically because it is so 
nearly surrounded by irregular small intrusions. The 
laccolith is composed of diorite porphyry that probably 
was injected northeastwat^d from the Mount Pennell 
stock (fig. 47). It is moderately concordant with the 
enclosing sedimentary rocks although northeastward it 
cuts douTiward from basal Tummk to ujiperniost 
Morrison. The floor is concealed but the roof is well 
exposed between the forks of Coyote Creek which 
are incised about 300 ft into the porphyry. 

A sill of monzonite porphyry, about 75 ft thick, is 
contamed in the strata tunied up along the southeast 
edge of the laccolith. Several other sills, composed of 
diorite porphyry, are higher than the laccolith and 
extend considerably failher north ajid south but their 
structural relation to the laccohth is not kno^\^l. Im- 
mediately above the laccolith the sills are almost 
horizontal but nearer the mountain they are vertical 
as axe the enclosing strata. I assume that most of 
them arc younger than the mountain dome but that 
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PiaiTBE 45.— Isometric fence diagram of The Horn laccolith, Bark Canyon laccolith, and other Intrusions on the north side of Mount Pcnnoll Tp, porph3?T3r; Embg, Bluo Oato shale member, Kmf, Ferron 
sandstone member and, EJnt, Tnnank shale, members of the ManiH)s shale; Kd, Dakota sandstone; Jm, Morrison formation; Js, Summ{3rvlUe formation; and Je, Entrada sandstone. 
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FiGUBE 46 —Vie w northwcKt »cross PenelJen Pass, The Horn is one of tiiti iBCTOUthp! injected northward trom Mount PenneU. Photograph by H. B . Miser. 



their dips were increased by renewed or continued 
domal uplift. 

Between the Coj^ote Creek and Dark Canyon 
laccoliths is a broad syncUne that contains several 
sills whose aggregate thickness is approximately equal 
to the Coyote Creek lact^ohtb. These sills are in the 
rocks below the Terron sandstone, so the synclinal 
structure does not appear in formations as high as the 
Ferron. 

MOUNT inrx.£RS 

The Mount Hillers dome and the stock at the center 
of it comprise the southern half of the mountain 
(pis. 12, 13) and provide one of the most spectacular 
landscape views in the Heui'y Mountains (figs. 50 ^ 108). 
To the east, south, and west of this part of the mountain 
Cretaceous and uppermost Jurassic beds rise gradually 
onto the big dome. Moimtairiward the dips progres- 
sively steepen and older and older formations, down 
to the Permian, are exposed in colorful concentric 
bands. The resistant and almost vertical sandstones 
form high ste^p walls between strike vaUeys of the 
brightly colored shales. The continuity of the forma- 
tions is broken only by sills and radial dikes whose dark 
masses mottle the variegated bands. 

As one goes toward the center of the dome and 
approaches the stock, the sedimentary rocks become 
more and more crushed and the sills and dikes become 
more numerous and much less regular in form. Ad- 
joining the stock is a shatter zone in which individual 
intnisions are too numerous and too irregular to be 
mapped separately on a scale of 1:81,680 and bound- 
aries between the sedinientaiy formations can be 
recognized only in a general way. The width of the 
shatter zone ranges from half a mile to more than a 
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mile. Inside the shatter zone is a huge mass of 
moderately homogeneous diorite porphyiy that com- 
prises the stock, about 2K sq mi in area. The stock 
and its shatter zone are located somewhat off the 
center of the mountain dome, and they discordantly 
cut off moi-e than 2,0(X) ft of strata between the south 
and north sides of the dome. 

Laccoliths on Mount Hillers, as on Mormt Pennell, 
are restricted to the north and northeast sides of the 
mountain, Lil^e other laccohths in the Hemy Moun- 
tains, however, they are tongue-shaped, their arched 
roofs form anticlinal noses that plunge away from the 
stock, and the axes of the anticlines radiate from the 
stock. Even the porphyry sheet at Trachyte Mesa, 
which is about 6 miles from the main moxintain mass, 
is elongate artd has linear structures alined with the 
stock. It appears to be connected witli the main moun- 
tain mass by a flat- topped dike or horizontal plug. The 
nearly circular intrusions at Bulldog Peak (fig, 48) and 
Black Mesa prol>ably are bysmaliths. 

Plate 14 shows the distribution and general plan of 
the intrusions on Mount HOlers and the position of the 
cross sections used in the diagrams illustrating the form 
and structure of the intrusions- 

MOUNT HILLERS STOCK 

The Moimt HiUers stock, which covers about 2^ sq 
mi centering in the upper part of Star Canyon, forms a 
rugged area, mantled with rock slides, and is accessible 
only on foot and even then with difEculty. 

Gilbert interpreted this intrusion to be a laccolith but 
I beUeve it is a stock, becatise it cuts discordantly from 
Permian on the south to Upper Jurassic on the north; 
it is the central intrusion of the Mount Hillers cluster 
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FimTEE 47."Isometrie feiico diagram of Coyote Creek laccolith and neighboring inlrusions on the east side of Mount Pennell. Tp, porphyry; Kmbg, Blue Gate shale, 
member Kmf, Ferroii sandstone member, and Kmt, Tuntmk shale, members of the Manoos shale; Kd, Dakota sandstone; J m, Morrison formation; Js, Summerv'ille 
fonnatloii and older rocks. 



and the other intrusions radiate from it; the metamor- 
phism is more intense around it than around the known 
laccoKths; epidote, albite, and quartz Ycins are much 
better developed in and around this central intrusion 
than around the knowTQ laccoliths; and the shatter 
zone around the central intrusion is not duplicated 
around the kno\%Ti laccoliths. 

The stock consists of moderately homogeneous diorite 
porphyry of the type common in the Henry Mountains. 
Its main mass is centered in the mountain dome but 
one lobe crosscuts into the southeast flank of the dome 
and a larger lobe crosscuts into the northwest flank. 

The structure contour map (pi. 5) indicates that the 
Hillei*s dome has about 5,000 ft of relief, but this is only 
the minimum relief outside of the shatter zone, because 
the Permian rocks brought up m their proper strati- 
graphic position in the shatter zone require far more 
uplift than shown by the stnicture contours on the 
FeiTon sandstone. Furthermore, the south and east 
flanks of the dome are in part vertical but this was 
ignored in order to project the contours on the Ferron 
against, the side of the stock. 

South of the stock the shatter zone is about half a 
mile wide, and on the geologic map (pL 12) the outer 



Hmit is drawn at the base of the Chinle formation. In 
the outer part of the shatter zone at the WoodiTiff mine 
the entire Moenkopi formation and a few hundred feet 
of Permian strata are exposed, but these formations are 
so shattered and irregularly cut by minor intrusions 
that no attempt was made to map them separately. 
Id genei'al the siia tiered beds dip about 55^ away from 
the stock, but outside the shatter zone Upper Triassic 
and Jurassic fonnations are vertical. The dips are less 
steep half a mile from the outer edge of the shatter zone. 
The sUlfi and radial dikes in the shatter zone and in the 
mcks turned up nearby are composed of the same 
jporphyr^^ as is the stock, although several textural 
varieties are represented. These minor intrusions do 
not extend south of the belt of very steep dips. 

On the west side of the mountain the shatter zone 
extends nearly a mile thi'ough all the steeply dipping 
formations to the less steeply dipping base of the Upper 
Cretaceous, In this widened belt of the shatter zone 
the deformation and intrusive relations are complex, 
but in crossing the zone the entire stratigi*aphic section 
can be recognized in proper sequence in the float and in 
smafl exposures. The shattering, therefore, has not 
dragged the formations far out of position. Figure 
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Fiotmn 48.— ObliquG view s5uthea??t across Mount Hillers. Mount Hillf^rs and the pointed peak to the right of It are in the st^ck. Bulldog Peak probably l^ a bysmalith. Stewart Ridge Is one of the larj^est 
laccoliths In the Henry Mountains. In the lower loft comer is part of a gravel-covered pedlmcntx Mount Solmej; and Mount Ellsworth in the distance are located on the edge of the canyon country. 
Photograph by Fairchild Aerial Surveys. 
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108 is a view across some of the foiTriations where they 
seem (o be cut off by this westwai'd extension of the 
shatti*r zone. 

The Glen Canyon gi'oup is cut off at the edge of the 
stock in tlie head of Squaw Cmiyoii. Farther north 
the beds against the stock behmg in the up]>er part of 
the Jurassic and probably are basal Morrison. 

The shatter zone is more than a mile wide in the 
foi'ks of Gold Creek, northeast of the stock. N(^ar the 
center of section 34, T. 33 S., R. 11 E., the formations 
strike northeast, but the strike changes through east io 
southt^ast near the center of section 35. In general 
these fonnations are in their proper stratigrapliic 
sequence although faulting or iiregular intrusions 
cause minor repetition or cutting out of some strata. 
Tlie older formations are cut off discordantly along the 
northeast {*dge of the stock. 

In the shatter zone north and nortlieast of tlio 
stock the formations dip less steeply tlian on the other 
sides. Perhaps the dips formerly were much steeper 
than now but when the laccoliths were injected north- 
ward the lower edges of tlie overlying, steeply dipping 
for 111 at ions may have been dragged outward and up- 
ward by the roofs of the laccoliths, thereby widening 
the shatter zone and reducing the dips in it. 



'^rhe east side of tlie stock, between Gold Creek and 
Ghost Creek, resembles the south side (fig. 49), but 
between Ghost Creek and Star Creek a lobe of the sliat- 
ter zone extends southeastward thi'ough the steeply 
dipping fonnations (fig. 50)* 

SAWTOOTH RIDGE AND NORTH SAWTOOTH MDGE LACCOLITHS 

Sawtooth Eidge, named Jeriy Butte by Gilbert, is 
2 miles long, half a mile wide, and 1,000 ft high. Its 
south side is mostly a series of cliffs and rock shdes; 
the north side is leas precipitous. The crest of the 
ridge is exti^emely rough and jagged, its profile giving 
the ridge its name. 

Two interpretations may be made of this intrusion. 
The exposed porphyiy may be the bulging upper part 
of a dike, or the porphyiy may be a mughly horizontal 
and more or less cylindrical mass trending a little north 
of east and extending to no great depth. Whatever 
the extent of the intrusion at depth its upper part is 
decidedly irregular. Its top consists of several por- 
phyry lidgeSj with the st^dinientary roof rocks still 
preserved in some of the troughs between them. 
Cataclastic lineation at the roof contact is usually in 
the direction of maximum dip without regard to the 
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FlCUB£ 49.— View ijoiitli across Gold Crt ok, aliow iiig tliu i><'d h tu^t i t:iry lorrnattons tiirat d sti?iiJl y ii|>wvird oii i\ib Ikiik of tLf Mount 1 i Ulot^ .stoiik, Soi ati of th« ledges are sills. 
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FirtURE 50.— Oblique vlow northwest across Mount HUlers. The main mass of Moujit TTlUers eomprisos the stock: and porlphf*ral shatter aono. .\j-aund thl^ mountatn, formations that range from Permian to 
Creti^ccous arc turned up vertically against tho side of the stock and shatter zone. The conspicuous ITght-griiy sandstone Is Xi-ivajo. Photogniph by Falrchild Aerial Surveys. 
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PjGtTRi 51.— Isometric fence diagram of th© Sawtooth Bid^e lieooltt'i, the laccolith north of Sawtooth Rldjyc, Black Mesa bysmilith and Maiden Creek laeooUth. Tp, porphyry; Kmt, Tununt shale» 
momber of Manoos shale; Kd» Dakota satidstoae; Jm, Morrison formationi J$, SummerviUe formBtlon; Je, Entrada sandstono; Jca, Carmel formatum; Xnt Navajo sandstone. 
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general trend of the intrusion. At the eastern end of 
the iiitrudon and at IVail Creek, Morrison strata 
overlie the porphj^y^ hut at the peak the capping roek 
IS Ferroii sandstone. Endently the centi'al part of 
the porphyry bulged discordantly upward (fig:. 51). 

On top of the ridge at its east end is exposed a 
concordant roof dipping south (fig, 52) ; a concordant 
floor may underlie the exposed ]H>rphyry. At this 
locality the Morrison dips about 5^ W., but the south 
edge of the porphyrj^ cuts upward about 80° to higher 
strata and for a distance of 20 ft from the contact 
the Morrison beds are considerably thagged antl 
crushed. 

Numerous sills, dils:es, and oilier less regular apo- 
physes extend lateral]3' from the sleep sides of the 
intrusion. A sill about 50 ft thick, presumably con- 
nected mth the Sawtootli Ridge laccolitli (fig. 51), 
intrudes the Bummerville formation and underlies 
The Hogback southeast of Sawtootli Kidge. 

At Sawtooth Peak two porphyi^v ridges extend 
southeast from the main ridge (pi. 12). One extends 
more than a mile as a nairow dike, finally endmg in 
two oranches, the southern branch sharply curved. 
At most places tlie contacts along this dilce are con- 
cealed, but near the east end the north wall dips about 
65° NE. 

West of Sawtooth Peak a tliin sill overlies the 
Dakota sandstone and an irregular dikelike mass 
extends a few hundred feet northwesterly from the 
peak. This is the analog of the dikes trending south- 
east from the peak. These dikes are oriented at 
right angles to the nearby intrusions and they are a 
notable exception to the general rule that the uitrusive 



structures in the Henry Mountains radiate from the 
stocks. 

The top of Sawtooth Ridge is stepped down west- 
ward from the peak to Trail Creek wliere, in the east 
part of sec. 36, T. 33 S., R. 11 E., two poiphyry ridges 
and an interverving trougli containing Alorrison strata 
parallel the main ridge. The strata dip 30° off the 
ridges into the trough which deepens eastward as the 
adjoining poipliyry ridges become higher. Tlie syn- 
clinal basin of Moii'ison in the trough spoons out 
westward at Trail Creek . 

Three-quartei^ of a mile north of Sawtooth Peak 
is the north Sawtooth Ridge laccolith, which is in- 
truded near the base of the Morrison formation (fig, 
51). It ha.s an in\^gular outline, partly because of 
erosion, but mostly because it thins against the struc- 
tural arch in Black Canyon. 

The north edge of the north Sawtooth Ridge lac- 
colith is 50 to 100 ft thick along the rim of Black 
Canyon, a mile north of Sawtooth Peak. South- 
w^ard it passes beneath nearly horizontal roof rocks 
but the floor must dip considerably to the south 
because the basal Monison is structurally several 
hundred feet higher along the rim of Black Canyon 
than at Sawtooth Peak. It is infened, therefore, 
that the laccolith north of Sawtooth Ridge is con- 
nected with the Sawtooth Ridge laccolith and that 
it thins northward by a rise of its floor (fig. 51). 

Near the center of section 30 the laccolith north of 
Sawtooth Ridge is at least 200 ft thick and cuts dis- 
cordantly downward across the Summerville formation. 
Eastward the roof dips U)ward Black Mesa, so the 
laccolith nmst tliin in that dnection, thougli a thu3 
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Fir.uKE 52.— Tb© east end of Sawtooth Ridee. This view Is ^^t from tho trail near the foot of Ttie Hogback. TJift lowest part of the porphyry and its north edge fire 
conceakMl in talus. At its goiith otlpe the porphyry cuts discordiiiitly upward into the Morrison formatiou and senda small sills into it. Hlgbor Morrison stnita rest 
conoordantly on thfe porphyry tiloiig the south edge of the top of the rldg^. From a sketch in Gilbert's notebook. 
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sheet may connect it with Black Mesa; the two in- 
trusions are at about the same stratigraphlc position. 

The eastern part of tlie laccolith north of Sawtooth 
Ridge is probably sepaiatecl from the central and 
eastern part of the Sawtooth Rid^e laccolith (fig. 51), 
because along the east side of se( tion 29 the roof of 
the northern laccolith dips southeastward towards 
Sawtootli Ritlge. 

BLACK MESA BYSMAIITH 

Black Mesa is a nearly' cirt ular hill having a smootli, 
gently sloping top and precipitous sides about 600 ft 
high (fig. 53). The wt^st and northwt^st sides are debr'is- 
covered, steep slopes \\'hereas the east and southeast 
sides foiTii a cliff, with a talus aj)ron below. 

This intrusion resembles Table Mountain, both m 
geology and topograpfiic expression. Gilbert called it 
the Steward laceolith. Faulting aix)und the sides, es- 
pecially on the east and south sides, is inferred by anal- 
ogy with Table Mo im tain. Tlie concordant roof is a 
bed of sandstone that belongs in the lower part of the 
Monison formation. The floor is not exposed. 

The intrusion is s\uroun<lecI by strata that are nearly 
horizontal, but they are abruptly turned up a few hun- 
drcfl feet from the porphyry. Along the northeast side, for 
example, about 700 ft from, tiie intrusion, the Momson 
and Summeiville beds dip gently west, but their dip 
becomes abruptly revei'sed where t]wy rise onto the 
por|)h3Ty, and about 200 ft from the contact the basal 
Morrison dips 55° away from the intrusion. At several 
localities around the north and northwest sides the con- 
tact and stiata adjacent to it are almost vertical, 
although the porphyry appeal's to cut upward to slightly 
higher strata. The stiuctun^ is fjoncealed along llu^ 
south and southeast sides. 

West of tht^ intnjsion is a shai^p S3'nclinal trough frona 



which the basal Moirison strata rise rather steeply for 
about 800 ft up the flank and there flatten across tlie 
roof of the in trusion. Protrn dmg through this flank and 
the roof are dikelike porphyry ridges, the most easterly 
of which approximately marks the intrusion's lughest 
point, whence the sandstoi\e roof dips 5^ to 10° in all 
directions toward the sides. 

Because the widespread concordant i-oof rock is a bed 
of sandstone belonging near the base of the Morrison 
fonnation the porpl^Ty must rest on a floor of basal 
Momson. However, the mtiusion must cut discord- 
antly downward near its northeast edge because strata 
older than those on the roof are dragged upward along 
that edge (fig, 51). 

This mtrusion, more than any other in the Henry 
Mountains, approximates the laccolithic structural form 
con(H4ved l)y Gilbert. But the intrusion proI>ably was 
injected laterally as a satellite from the Mount Hillers 
stock because, in common with the laccoliths and other 
bysmaliths in the Henry Mountains, the dikelike ridges 
ui the roof ai*e alined with the stock and the st ructure on 
the distal side is steeper than oii the side toward the 
stock. 

MAIDEN CEEEK lACCDLrFH 

The Maiden Crtn^c laccohth, actually little more than 
a sheet 50 to 75 ft thick, is exposed at the foot of Tlie 
Hogback east of Black Mesa (fig. 51 ) . Gilbert referred 
to it as the D laccolith. ICxcept for the scarp along the 
east and north sides the intrusion is not distinct topo- 
giaphicaUy, but the dark i^orphyiy contrasts sharply 
with the adjoining buff and light-red sandstone of the 
Entrada. 

The origijial north edge of the sheet was probably 
not far from tlie j>r'esent outcrops because the roof 
rocks are bent northward over the porphyry at sp^'ernl 
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FiGrEE fi:i.— View Rcrriss Black Mt\sa on IMnuirt rrillers, lllaek Mesa probpJily is a hj-^mnliUi. It i.^ r(»ruiHtserl rnliril\ ul dinr ilc jnnpliyry ixtt^i't for n THI11 reniuant cX 
saiidsUjiH* (Morrbsnit formntioti) on the roof. The side contact is ahnrist verticiil flficl thp sediinpiitary Pot nujtituis aip ItirDcd up steeply agajiibt U, 
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places, OR if to fonn the side. Along ihe east scarp a 
vertical discordant side contact is exposed locaUy. 
Presumably the intnisioii was mje<*ted from the direc- 
tion of Sawtootli Ridge and does not extend iindei' 
Black Mesa, because in the creek drainin^j: the soutlieast 
side of Black Mesa the roof of tlie Maiden Creek 
laccolith dips 20° toward the mesa, 

TEACHYTl MESA LACCOUTH 

The sheet of porphyry, about 100 ft thick, that is 
intruded into the Entrada sandstone at Trachyte Mt^sa 



5000 Feet 




FioxJBE 54.~-lsomRf i1c! fence diagrsTn of the Trachyte Mesa larcoUth. Tp, porphyry; 
ISt Suminorvlllc formation; Je» Enfrada sajidat^inc; .Tea, Carmt^l fonimUon; jn, 
Navojo eaiidEtonc. 



was named the Howell laccolith by Gilbert. The intru- 
sion, wliich is about half a mile wide and more than a 
mile long (fig. 54), trends nor tli east ward and is alined 
with the Mount Hillere stock although the laccohth is 
6 or 7 miles from the stock and topographically isolated 
from the mountain. The floor contact of this hitrusion 
is exposed at the northeast point of the mesa and locally 
along its southeast side. The roof contact and the 
ar{?h of the roof rocks are exposed at the west edge 
(fig. 55). 

The contacts of the laccolith are more regular than 
one might anticipate in tlie in-egidar bedding of the 
massive Entinda sandstone. In fact the floor contact 
is almost a plane. The highest point of tlie exposed 
part of the floor is near the center of the southeast side 
of the mesa and from this point the floor falls atout 
200 ft to the northeast point of the mesa and a little 
more tlian 100 ft to the southemmost porphyry expo- 
sures. Iq general the floor is about 100 ft lower along 
the northwest than along the southeast edge of the 
inti'usion. Tiie highest point on the north w(*st edge is 
about 600 ft west of the tip of the mesa, and nearly 
straight north of the high point along the* southeast 
edge. The exposures are not sufficientl3' continuous, 
how ever, to determiTie whethei* these differences in 
altitude of the floor result from gentle dips or from a 
series of structural steps in the floor. 

On top of the intrusion is a well-<!e\eloped st^iies of 
porphyry ridges and intervening troughs, the bottoms 
of wlu(^h contain remnants of the roof rocks. The 
troughs are flat -bottomed and commonly 1000 ft long 
and 50 ft or less in width (flg. 56). Some of the ridges 
are almost as wide as the troughs and are about 15 ft 
high. Some have sharp crests, othei's are broadly 
rounded. These ridges and troughs trend northeast- 
ward, paraUel to the elongation of the laccolith. They 



Drorite porphyry 




Fifiimfi fia— View of tlie ncMt li flank of the Tracliytc Mesa Uccolith where the Entra<ia sandstone rtses on the flank and flattens across the roof of the laocolttfa. 
2I0H6— 53 10 
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FiocKE 66.— Sketch \if!W cjf rfdges £ii the roof of the Trachi^e Mesa loccolith. The ridges are composed of jKirphjTy. Between thcni are broad flat troughs oontaining 
remnants of the roof rocks. The ridges an^ troughs are parallel to the elongation of the lacedilth* Sketched from a photogra()h. 



are nearly straight, though a few branch and the most 
easterly one is sliglitly cmired (pi. 12), 

The laccolith apparently thins southwestward because 
its roof dips a few degi'ees off the southwest ed^e of the 
exposed porphyi\v. 

A mile up Black Canyon from Trachyte Mesa and 
perfectly alinexl wiib the laccolith is a small mass of 
porphyry which is very suggestive of the "due toll th" 
fonn described by Griggs (19:^9, p, 1101). Tlie por- 
phyry, which is exposed in the north wall of the cai^yon, 
hsis a <*oncordant, nearly horizontal roof and disc^ordant 
nearly vertical side against which the Entrada sandstone 
is dragged up steeply. The exposed side is obviously 
tiie south limit of the intiTision; the intrusion camiot 
extend more than a few hiuidred feet north because it 
does not appear on the north side of the nart'ow ridge. 

Similar dikehke masses of pori>liyr\^ aiined with this 
one are exposed more fully north w^est of Black Mesa. 
Here the porphyry is demonstrably a naiTow intrusion 
like a dike, but it contains many wedges of sedimentai*^,^ 
rock (fig, 57) and the intrusion may extend to no great 
depth. Lineated cataclastic structure along the con- 
tact generally is alined in the direction of maximum 
slope of the contac^t at each lo(^aIity; internal flow^ lines 
are nearly horizontal and parallel to the trend of the 
intrusion. Probably these several exposures are one 
intrusion that was injected northeastward ns a dike 
that split into anastomosing tubes or ducts, some of 
which extend at least 2 miles and seem to connect with 
and be the feeder for the Trachyte Mesa laccolith. 

SPECKS BIDGE LACCOLrrH, SPECK CANYON lACCOLrTH, AND CHAPAftRAX 
Bills lACCOLrTH 

These three laccoliths, located btween Black Canyon 
and Cove Creek, form the high ridge that rises south- 
westward to the main mass of Momit Htllei-s, Gilbert 
grouped them together as the C laccolith (1877b, p. 32). 

The Specks Ridge laccolith (fig. 58), which trends 
nearly north from the heafl of Spe<'k Creek, is about 
1% miles long aTut less than half a mile wide. Along 
the west side of the intrusion, near the middle of section 



23, the contact dips 75^ to 80° W. and the adjacent 
strata, belonging to the lower part of the MoiTison 
formation, are dragged up almost concordant with the 
contact. The strata flatten abruptly a few lumdred 
feet w^est of the poi-phyry, because exposures in the 
forks of Cove Creek reveal a nearly unifonn northward 
dip. Probably the laccolith does not extend west of 
the exposed contact. 

The eastern contact was not foimd but a few hundred 
feet east of Specks Ridge, strata belongmg near 
the middle of the Morrison formation dip toward this 
intrusion. These strata are either cut off discordantly 
by the Specks Ridge laccolith or their dips are shai-ply 
revei'sed and concealed. 

The north end of the Specks Ridge laccolith is con- 
cealed. The south end joins the Chaparral Hills 
laccolith and is overlain by the Dakota sandstone. 
However, tlie Specks Ridge laccolith cuts to older 
strata northward and its north end is near the middle 
of the Morrison formation. Alost of tlie Heniy Moun- 
tains laccoUtlis cut to younger foiTuations away from 
the stock so the Specie Ridge laccolith, which cuts 
do\niward in the down-dip diiection, may be more 
dikelike than I have indicated in figm-e 58. 

The Chaparral Hills laccolith forms the ridge be- 
tween Bla<^k Canyon and the bead of Speck Creek. 
JVom most of the ridge the roof rocks have been n^- 
moved but at the west end Tunmik shale overlies the 
porphyiy. At the crest of the ridge this sliale is in- 
truded by a dikt^like mass that extends upward fi^oni 
the roof of the iaccx)lith and trends northeast. Aroimd 
the liead of Spe(*k Creek the roof of the laccolith is 
irregular and the contact cuts downward to the Dakota 
sandstone, 1,000 ft north of t lie ridge crest. Sills extend 
southwai'd from the ridge into the Chapaixal Hills; 
one is just above the Dakota sandstone, others are in 
tlie lower part of the Morrison formation. 

Ai'ound the east end of tlie ridge the contact at the 
base of the porphyry is not well exposed. Discordant 
steep contacts exposed locally along the south side 
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Figure 67.-Sketch map and diagrammatic sections of the dike feeder of the Trachyte Mesa laccolith, NEH sec. 30, T. 33 S., R. 12 E. Cataclastic structure at the contact 
is usually lineated in the direction of maximum dip of the contact; internal now lines parallel tlie elongation of the intrusion. The contact of the por ph>Ty is intricately 
sutured with tongues of porphyry 1 to 2 in. wide, projectinp: 6 in, into the adjoining sandstone. The breccia dikes are 1 to 6 in. wide and contain fragments of porphyry 
and sandstone in a matrix of pseudotachylite. 



suggest that the floor of the intrusion is rather deep, 
although the distribution of the porphyry outcrops 
suggest that the intrusion concordantly overhes the 
Morrison strata which form the bench around the base 
of the porphyiy. 

The Speck Canyon laccohth, located between Speck 
Canj^on and Black Canyon, mtrudes the Summerville 
formation 200 or 300 ft stratigraphically lower than the 
Chaparral Hills and Specks Kidge laccoliths. If the 



Chaparral Hills laccolith is deeper and more dikelike 
than indicated in figure 58 it rnay connect with the 
Speck Canyon laccolith. 

Although the laccolith extends for m.ore than a mule 
along the south side of Speck Creek the northwest edge 
of the laccolith probably is blunt and slightly discordant 
because basal Morrison strata, exposed in the creek, 
do not rise sufficiently to clear the porphyry escarpment 
south of the creek. Furthermore, hi the SW}^ section 18 
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Figure 58.-Isometric fence diagram of Chaparral Hills, Specks Ridge, and Speck Canyon laccoliths. Tp, porphyry; Kmt, Tununk shale member of the Mancos shale 
Kd,Dakota sandstone; Jm, Morrison formation; Js, SummervlUe formation; Je, Entrada sandstone; Jea, Carmei formation; jn, Navajo sandstone. 



the strata that indent the porphyry are cut off at the 
east side by a nearly vertical discordant contact. The 
roof contact, dipping about 16° N., is well exposed m 
the N vVK section 24. Southeastward the intrusion evi- 
dently thins against the ilank of the anticline along 
Black Creek. 

Most of the northeast part of the Speck Canyon 
laccolith is only 200 or 300 ft thick, but just northeast 
of the preserved Sununerville roof a porphyry escarp- 
ment 250 ft high faces northeast. The cross sections 
in figure 58 miss this feature. The height of the escarp- 
ment dimmishes northward and is practically nonex- 
istent where the roof contact turns west. This escarp- 
ment must reflect an original structure of the roof, 
presumably a structural bench due to abrupt thiimmg 
toward the northeast or to sheeting that resulted from 
multiple injections. 

STEWART RIDGE LACCOLITH 

The Stewart Ridge laccolith, designated by Gilbert 
the B laccolith (1877 b, p. 32), is one of the largest in the 
Henry Mountains, being 2 miles long, a mile wide, and 
at least 1,000 ft thick (fig. 59). Its volume is no less 



than half a cubic mile. The laccolith forms a ridge 
nearly 1,000 ft high trending north from the main mass 
of Mount Hillers. The top of the ridge is generally 
smooth, the sides are rough steep slopes mantled by 
loose rock slides (fig. 48). The floor of this laccolith is 
not exposed. 

Except for the small remnant of shale near the center 
of section 27, erosion has stripped the roof rocks from the 
laccolith, leaving two broad, shallov/ valleys that drain 
northward between smoothKr rounded ridges. These 
valleys are straight and have a mature aspect. Prob- 
ably they were structurally controlled by troughs in the 
original roof of the laccolith. In the higher south part 
of the ridge, in sec. 27, is a similar though much deeper 
valley that probably also reflects an original structural 
feature. These troughs, like those better preserved on 
a smaller scale in the roof of the Trachyte Mesa lacco- 
lith, parallel the elongation of the laccolith and are 
alined with th^ stock. 

Along the north end of the ridge is exposed the con- 
tact of the northward-plunging roof. This north flank 
is fairly steep (fig. 59) and the concordant roof of Tun- 
\mk shale, stratigraphically about 300 ft below the 
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Ferron sandstone, dips 40"" to 50"^ N. The amount of 
dip progressively diminishes northward and is only half 
as great at the outcrop of Ferron sandstone 1,000 ft 
north of the contact. The serrate outcrop of the contact 
reflects this north dip (pi. 12). 

Along the east and west sides of the ridge the contact 
was not found and its indicated location may be several 
hundred feet in error. Judging from float, the west side 
of the laccolith is in the Mancos shale but the east side 
seems to cut discordantly into the upper part of the 
Morrison formation near the head of Cove Creek. 

On the summit ridge of ivlount Hillers, south of 
Stew^art Ridge, the Dakota sandstone and Morrison 
form..ation in the shatter zone dip 45° to 50° N. In the 
head of Gold Creek still older form_ations are exposed, 
also dipping north. These formations are at higher 
altitudes than the top of Stewart Ridge and they are 
turned up against the Mount Hillers stock. They must 
have been penetrated by the northward injection of the 
Stewart Ridge laccolith which may have widened this 
part of the shatter zone and reduced the dips in it by 
dragging outward the lower truncated edges of the 
steeply dipping beds. 

aUAKING ASP CREEK LACCOLITH AND BULLDOG PEAK BYSMALITH 

Bulldog Peak is a conical hill, 1,800 ft high, located 
at the mouth of Mine Canyon and overlooking South 
Pass (fig. 48). The intrusion at Bulldog Peak was 
called the A laccolith by Gilbert (18776, p. 32). 



Bulldog Peak consists of a porphyry core which is 
oval in plan with its long axis trending northeast. The 
core is surrounded by ahnost vertical contacts against 
which adjacent strata are turned up very steeply. The 
contact is exposed on the northv/est, southwest, and 
southeast sides and the steep dips off it are exposed at 
some intervening locahties. The strata at the side 
contact belong to the uppermost Morrison, but no 
remnants of the roof were found. The intrusion seem.s 
to be a bysmalith (fig. 60), w^hose floor can be no higher 
than the upper part of the Morrison. The bysm-ahth 
may be the swollen end of a sill that rises with the 
strata toward the stock, or it may be the swollen end 
of a crosscutting intrusion injected upward and out- 
ward from the stock. 

Very little is known about the Quaking Asp Creek 
laccolith. The intrusion seems to have very irregular 
shape and the outcrops of it are incomplete. The 
laccolith is west of the middle fork of Quaking Asp 
Creek, which contains considerable indurated shale 
float and presumably is eroded in the se^iimentary rocks 
separating the Quaking Asp Creek and Stcvfart Ridge 
laccoliths. Sheets from, the laccolith nearly surround 
Bulldog Peak but whether the sheets thinned in the 
turned-up strata or were turned up by the bysmalith 
is not known. The laccolith invades the Tununk shale 
and rises with it toward the Mount Hillers stock. In 
Mine Canyon a shale tongue splits the intrusion into 
two rather thin sills. 




Figure 59.— Isometric fence diagram of the Stewart Kidge laccolith. Tp, porphyry; Kmf, Ferron sandstone, Kmt, lununk shale, members of the Mancos shaie; Kd, Dakota 
sandstone: Jm, Morrison formation; Js, Summerville formation; J, pre-Summerville strata, midlfferentiated. 
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BURIED LACCOLITHS 

As the structure map (pi. 5) shows, there arc rxO 
domes or anticlines south or west of Mount Hillers, so 
it must be concluded that no laccoliths were injected 
on those sides of the mountain. However, the Pulpit 
arch, 5 miles east of the stock, and the similar arch in 
Black Canyon, 4 miles northeast of the stock, are 
probably formed by buried laccoliths. The arch in 
Black Canyon is a broad low fold that is open toward 
the stock but the Pulpit arch has about 300 ft of 
closure on the side toward the stock. It may be 
inferred, therefore, that the laccohth under the arch in 
Black Can^^on thins progressively northeastward 
whereas the laccolith under the Pulpit arch has a 
bulging east end. 

m:ouint houmes 

Mount Holmes consists of a stock surrounded by a 
series of dikes, sills, and small laccoliths in the 3 sq 
mi at the center of a dome that is 3,500 ft high and 6 
to 8 rniles in diameter (pis. 15, 16, fig. 101). The outer 
flanks of the dome are smooth but the crest is wrinkled 
b}^ sm.all anticlinal noses that plunge down the flanks. 
The dom_e is slightly elongate eastv/ard and Gilbert re- 
ferred to the eastern part as the Lesser Holm.es arch. 
He attributed the domuig to buried laccoliths and in- 
ferred that two are present (1877b, pp. 27-28). 

An irregular, crosscutting intrusion covering about a 
quarter of a square mile on the north side of the high- 
est peak is at the center of the dome and intrusions 
and probably is the top of a stock that fornied this 
mountain. This stock differs from the other stocks in 
the Henry Mountains m havhig metamorphosed and 
shattered only slightly the adjacent rocks. It is com- 
posed of diorite porphyry and is intruded by fine- 
grained porphyry in dikes 8 in. to 2 ft vfidc. V7ell- 
developed breccia is restricted to the south side of the 
stock in a small area south of the summit. The west 
wall of the stock is along a fault, in contact with the 
Kayenta formation in the downthrown side. The 
south wall is in the Navajo sandstone and the north 
wall is in the uppermost part of the Chinle formation. 



Thus the stock cuts across at least 1,200 ft of beds 
within a quarter of a mile. 

Other intrusions on the m^ountain form, a roughly 
radial pattern around the stock. At South Spur is a 
dike whose width ranges from a few feet to a few hun- 
dred feet. Its side walls are nearly vertical and have 
right-angle offsets and rounded bulges. Near the stock 
the dike is along a fault but southward it trends 15° 
eastward from the fault. Two irregular dikes form 
West Spur (fig. 61). They are wider than most of the 
South Spur dikes and are considerably longer. They 
are transverse to principal faults although they paral- 
lel one of the sets of regional joints. An intricate set 
of dikes and sills on the East Spur and on the ridge 
connecting it with the peak also transversely^ cut the 
major faults in these localities. In the well-bedded 
Kayenta formation at the head of Theater Canyon is a 
series of thin dikes and sills. The intrusions in the 
massive Navajo sandstone, on the ridge to the north- 
east, are much thicker, more bulbous and more irregu- 
lar than those in the Kayenta. The locality provides 
an excellent illustration of the importance of the lithol- 
ogy of the invaded rocks on the form of injected in- 
trusions (p. 143). These dikes around the stock occur 
in tvfo principal sets that are oriented about 15° off 
the orientation of the tv/o sets of joints observed on 
the east flank of the m-ountain (pi. 5). 

Buckhorn Ridge, a laccolith and the largest single 
intrusion exposed on Mount Holmes, extends northward 
from the stock. The three summit spurs just described 
and this laccolith occupy the four cardinal directions 
away from the stock (fig. 64). The laccohth is tongue- 
shaped in plan and its roof and floor dip north off the 
mountain. Its thickness probably does not exceed 
about 500 ft and along the eroded east and west edges 
is nearer 200 ft. The laccohth was injected near the 
top of the Chinle formiation, but northw^ard it cuts 
upward to the base of the Wingate sandstone. A thin 
wedge at the north end curves sharply upward and 
crosscuts 300 ft of the Wingate and becomes concordant 
again in the lower 10 ft of the Kayenta formation 
(fig. 62). The top of the laccolith is fairly smooth. 
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FiouRE fiO.-Sectioii through Bulldog Peak, Tp, porphj^y; Kme, Emery sarxdstoiie member, Kmbg, Blue Gate snaie member, Kmf, Ferron 
sandstone member, Kmt, Tununk shale, members of the Mancos shale; Kd, Dakota sandstone; Jm, Morrison formation. 
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FiGUBECl, — Oblique view west across Mount nolmes, Tbe mountain Is In the canyon part of the area and the Glen Canyon group of sandstones that form the canyons rise onto Mount Holmes dome. The 
intrusions are restricted fo Ihe central part of the dome and con&lst of a small stock, some small laccoliths, and numerous dikes and sills. The uplift at this mountain Is less than at the other Henry 
Mountains. Photograph by PairchUd Aerial Surveys. 
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FiciTRi: 63.— View of the Buckhorn Eldge laccolith (Tp, porphyry) from tlie past. At the left the laccolith is about 200 ft tliiti and rests du the Chjiile formation {Tc), At the 
Tight thelHCcoUth splits, a lower tongue oonlltuiiiig for a shorl distttn<:c along the base of the Wingate sandHionc (Jw) and an upper toiiKue cutting across 3ffl) ft of Wlngate 
sanilstone to the top of the formatloi]. Sketch from a photograph. 



but near the inidrlle of its southern part, dikeHke 
ridges trend 45^ to the axis of the anticline over the 
laccohth, A veneer of the Chinle roof is preserved 
on each side of the (hkca. 

Three of the four quadrants l)etween the intrusions 
Just described are approximately bisected by other 
satellitic intrusions. Between BuckhoiTi Ridge and 
West Spur several dikes, sills, and very small laccoliths 
trend roughly northwest, about parallel to a fault that 
breaks the northwest flank of the mountain dome. 
On the west side of Cache Creek a laccolith, about 
100 ft thick, extends about 1,500 ft from the stock, 
thins northward, and cuts upward through the lower 200 
ft of the Wingate (fig. 63). A few hundred feet farther 




EiGimi 6J*."Dlagraiimiat!c cross section of laccolith in wt*sfe wall of Cache Creek. 
The |K>rphyry (Tp> ftrmtdg the laccolith, abouJ 250 ft thick at the left edge, cuts 
across tno8t of the WlDfzate sandstone (Jw) and thins out northward at the top of 
the formation. Chlnle format ton CKe) lies beneath the Wingate sand^lonc. 

west a narrow dike trends about northwest, and a 
thousand feet southwest of it is a thin sill in the Kayenta 
forma tio It. 

There are several intrusions between Buckhorn 



Ridge and East Spur. In the Triassic, along Buckhorn 
Creek, is exposed the upper pa it of a laccolith that is 
probably as thick as the Buckhorn Ridge laccolith. 
Inegulai- iiitrtisiofis ctit across the Wingate sandstone 
south of Buckhorn Hole, and several sUls are in the 
Kayenta formation at the north foot of East Spur- 
Between the East and South Spui-s are several sills 
and the Tlieater Canyon laccolith. This laccolith 
intiudes the Kayenta fonmation and is about 150 ft 
thick at its south edge; it thickens northward and 
westward and may connect with the dikes in tlie 
bordering spurs. Both the roof and floor are exposed; 
the i-oof is an anticlinal nose that plunges southward. 
DikeJike ridges of porph>Ty in the roof are alined with 
itjie stock. Beneath the laccolith are sills, injected 
at the top of tht^ Wingate sandstone. 

Farther down Theater Canyon are other dikelike 
knobs of potphyry alined with the stock. They 
ap[>arently protrude from the roof of an intrusion that 
extends northwestward under the Theater Canyon 
laccolith. 

No intrusions were found in the quadrant between 
South Spur and West Spur. 

South of South Spur the Navajo sandstone is 
bmken by minor faults and is cut by irregular intiu- 
sions in a manner suggestive of the shtUtcred zones 
adjacent to the stocks on the other mountains. At the 
south end>Qf vSouth Spur almost the full thickness of 
the Navajo is^^xposed in approximately horizontal 
position. Beginning at the foot of this exposure and 
extending down the mountain side for half a mile is a 
jumbled heap of huge blocks, composed of complexly 
fra(*tured Navajo sandstone and porphyiy, which are 
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tilted to almost every position, hut dip chiefly away 
from the mountuin, 'I'he tleformation ends westward 
alonf]^ a normal faull and it ends northward along 
another fault which is at the foot of South S]>nr. East- 
ward and southeast \^ard the deformation becomes 
[>rogressively less. Along tJie southwest side of the 
deformed area is a reverse fault alon^ which the 
Kayenta has been tlirust southward over Navajo 
sandstone. The Navajo beneath the fault is in normal 
position and dips ofT the flank of the mountain althoxigh 
its dip is not sufficient lo meet the Navajo at South 
Spur. 

This broken area almost certainly is a structural 
rather tlvan landslide feature; if it were a landslide block 
it would have had to rise from a depression at the over- 
thrust. Furthermore, such sliding in the Navajo sand- 
stone is unlikely and some sharp structure evidently is 
required to account for the Navajo on the south flank 
of the mountain dome cojmecting with tlie much higher 
Navajo at South Spur. The disturbed area may be a 
pipelike shattered zone rising outward from the stock, 
like tliat postulated for Bulldog Kidge on Mount 
Pennell (p. 116), 

The concealed southwest slope of East Spur may be 
similarly deformed , because blocks of the Navajo 
sandstone there have erratic dips. 

MOUNT KLl^WORTH 

^^ount Ellsworth is the most symmetrical tlome in 
the Henry Mountains (pis. 15, 16, fig. 64). Its flanks 
are broken by faults that extend northeastward across 
the syncline in Fourmile Creek to Momit Holmes but 
assuredly they contain no large laccoliths because no 
anticlinal noses are superimposed on them. 

A stock, surrounded by a narrow shatter zone, is at 
the center of the dome (pL 15). Numerous sills and 
dikes in the upper part of the flanks of the dome 
radiate from the stock and give lise to a structural 
and intrusive pattern lesembling the southwest flank of 
Mount PonneU. The siUs presumably were fed by the 
radial dikes and intruded along the strike of the up- 
turned strata. 

The principal features of the structure of Mount 
Ellsworth are desciibed by Gilbert (1877b, pp. 22-25) 
as follows: 

The base of the arch Ls not circular, bnt is slightly oval, the 
lofig diameter lieing one-third greater than the short. The 
length of the uplift Ls a Httk* more than four iniles; the width a 
lUile mure than thrive niiles, and the height aljont 5,000 feet. 
* * * Tlie line of nmxinuun dip, which separat^?^ the convex 
upper jKirtion of the dome from the concave periphery, if? easily 
traced out in nature, and runs at the foot of the steep part of 
the mountain. It surrounds an area two miles in width and 
two and two-tliirds miles in length. 

The Ellsworth Arcli is almost but not completely isolated. 



Tho llolnie.s Arch, upon the (north) east side, stands so near that 
the i>afies of the two impinge and coalesce. * * * 

The simplicity of the arch is further impaired by faults — not 
great faults dividing the wliole uplift, bnt a syij^tf^n of .small 
displacements wliich are themselves sul)ordinate phcntuuena of 
the uplift. * * * The greatest throw is only a few hundred 
ftH3t. All or nearly- all the fault plane.*? are occupied by dikes of 
trachyte. 

The trachyte mjections are not confined to the fault planes. 
* * * Dikes and sheets aixjund from the crest of the dome 
down to what might be called its springing line — the line of 
maxinaun dip. At the center dikes are more numerous; near 
the limit sheets. * * * 

The zone of sheets is just inside ihe line of niaxinuu]i dip. 
Usually only one or two sheets are laid bare by erosion^ but at 
one point, four can l)e counted. Toward the center of the uplift 
all of the^e are limited by the eroi^ion and exhibit their broken 
edge*!. Downward, or toward the periphery, they dip out of 
sight. Ijaterally they vm\ be traced along the mountain side for 
varying distances^ but they soon wedge out and are replaced by 
others eu echelon. In thickness the sheets rarely exceed 50 
feet, and never 100. They are always thin as compared to the 
rock masses wliich separate them, but, by reason of their superior 
ability to resist erosion, nionoiHjlize a large share of the surface 
[note the north side of ilie mountain], and mask a still greater 
amount with their debris. 

The sedimentary rocks are not altered l>eyoiid the region of 
trachyte intrusion. The mere flexure of the strata was not 
accompanied by a perceptible change of constitution. In the 
MHiK of sheets there is little change except along the .surfaces of 
the contact. For a few feet, or perhaps only a few inche^^, 
there is discoloration and a slight induration, without notable 
alteration of mineraLs. Ihit In the region of retiriilated dikes 
none of the sedimeiitarie.s are unchanged; crystals are developed, 
colors n^odified, and hardness is increased, so the physical 
proix:rtie.«: of familiar strata no longer serv^e for their indenti- 
fieation. Still there is no cnunpling. * * * 

Tiie zone of iixcreasod met amorphism tlescribecl by 
Gilbert is in the shatter zone near the center of the 
dome. Here the sedimentary rocks are a( I heir proper 
stratigraphie position, but in addition to the increased 
metamorphism and more nimierons intrusions noted 
by Gilbert, there are a few masses of breccia, some of 
w hich occur in dikes. 

The stock, covering about a quarter of a square mile 
at the <!enter of the shatter zone, is in contact with 
Permian rocks along its north edge but southward it 
crosscuts to the base of the Jurassic. A part of the 
stock in the head of Tieaboo Creek is higlily altered, 
I>rol)ably hychothennally, to a white j>orous rock in 
which the constituent minerals of the porphyiy are no 
longer recognizable. 

On the geologic niap of Mount Ellsworth (pi. 15) is 
shown an aim of the shattered zone extending south- 
westward from the stock for more than a mile along 
the summit ridge of the mountain. M(^tamorphism 
in this part of the shattered zone is slight, but the 
numb(4' of minf>r intrusions is considerable and then- 
form is complex. In addition, the strutvture of the 
host rocks is comphcated by numerous faults. 
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Figure 64. — Oblique view southwest across Mount Holmfls and Mount Ellsworth. On Mount Ellsworth, the struetural iipUft Is groater and tho Intrusions aro larf?er and more numerous than on Mount TTolmos. 

Photograph by Falrchild Aerial Surveys. 
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Although the structure of the ridge conforms more or 
less to the structure on either side, the deformation is 
more intense and the intrusions are more numerous and 
more irregular. 

MECHANISM OF INTRUSION IN THE HENRY 
MOUNTAINS 

MODE OF EMPLACEMENT OF THE STOCKS 

If the sedimentary foraaations that are turned up 
around each of the stocks in the Henry Mountains 
were restored to their original horizonal position, the 
space occupied by the igneous rock would be closed, 
so apparently the stocks were emplaced by physical 
injection. 

The four southern Henry Mountains and Navajo 
Mountain, 60 miles farther south, each have structural 
domes that are about 6 miles in diameter. The 
amount of uplift at the domes, however, is not the same, 
being about 2,600 ft at Navajo Mountain, 3,500 ft at 
Alount Holmes, 5,000 ft at Mount EUsv/orth, 6,000 ft 
at Mount Pennell, and 7,000 ft or more at Mount 
Hillers. 

On Navajo Mountain no space became available for 
igneous rock and the strata that formerly extended 
over a horizontal area of 28 M sq mi were stretched by 
doming to 28% sq mi, a condition recognized by Gilbert 
(1877b, p. 81). But at the four southern Henry 
Mountains the greater uplift created space that could 
be occupied by stocks; the width of their stocks is 
almost a direct function of the amount of uplift on 
the domes (fig. 65). 

Figure 65 shows a series of oblique and cross-section 
diagrams which illustrate the space available for cross- 
cutting intrusions that conically deform circular areas. 
The diagrams are the same scale as the structure con- 
tour maps and cross sections of the m^ountains illus- 
trated (Navajo Mountain, Mounts Holm_es, Ells- 
worth, Pennell, and Hillers) and each diagram is set 
beneath the mountain it portrays. The area of the 
basal circle of each cone is equal to area A on the lateral 
slopes. Area B therefore is equal to the amount by 
which the area of lateral slope exceeds that of the 
circular base. 

In the Colorado Plateaus the conditions were such 
that 2,600 ft of uplift in a circular area 6 miles in diam- 
eter could be accomplished by stretching the domed 
strata without spreading them open to create space for 
intrusions, as at Navajo Mountain. On the cone repre- 
senting Navajo Mountain, therefore, area B v/as kept 
closed by stretching the domed strata. Greater uplift 
in domes of equivalent basal area in the Henry Moun- 
tains resulted in parting of the strata and in the creation 
of space to accommodate igneous rock. 



The cones representing Mounts Holm.es, Ellsworth^ 
Pennell, and Hillers illustrate the area theoretically 
available for the stocks at those mountains. In each 
diagram the area on the lateral surface available for 
the stock has been reduced by an area equivalent to 
area B on the Navajo Mountain cone, since this meas- 
ures the area that could be kept closed by stretching. 
This area is shown by the stippling. The field relations, 
illustrated by the maps and cross sections, compare 
very favorably with the calculated space relations. 
Moreover, almost perfect agreement is attained if it is 
assumed, as is probable, that the lim.it to which the 
strata could be stretched by doming is slightly greater 
than at Navajo Mountain. 

The cross sections of the deformed cones are instruc- 
tive also from another point of view. It will be noticed 
that on each cone the slope length of the lateral surface 
outside the stock is less than the radius of the basal 
circle of the cone. In other words, in cross sections, 
lines representing this fraction of the lateral surface 
will not meet when restored to the horizontal. In 
linear cross sections such failure to meet does not neces- 
sarily mean that parts of the strata are missing, because 
each lateral surface consists of an infinite num.ber of 
sectors that would overlap one another like shingles if 
restored to the horizontal, and the amount of shingling 
is equivalent to the space that appears to be voided 
at the center. In effect, the turned up beds have been 
compressed radially and extended circumferentially, 
probably by shear joints. The extent of such shearing 
in the Hem^y Mountains cannot be proved because the 
amount of deformation in the shattered zone cannot 
be measured. But despite this difficulty it is apparent 
that the amount of deformation around an intrusion 
that has been physically injected must be measured 
areally and not along linear cross sections. 

The fact that the dom.es are so nearly circular in a 
region of linear uplifts seems to eliminate horizontal 
compression as a cause. The fact that the flanks of the 
large domes are smooth and not wrmkled indicates 
that they are not due to the aggregate uplifting effect 
of many small domes. It is safe to conclude that the 
Mount Ellsworth dome, for example, houses no lacco- 
liths like those on the north side of Mount Pennell and 
Mount Hillers. 

There may be a huge, deeply buried laccolith under 
each of the mountains but this is unlikely because the 
symmetry of the domes would require almost perfectly 
symmetrical mushroom laccoliths, v/hereas the kno\^Ti 
laccoliths are tongue-shaped, linear bulges. Moreover, 
the volume of the assumed mushroom laccolith would 
have to be 20 times the largest known laccolith in the 
Heniy Mountains and at least 50 times larger than the 
average volume of the known laccoliths in these moun- 
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Figure 65.~Diagrain of the Henry Mountains illustrating the space occupied by the stocks and the theoretical space available for them. The structural geology at Navajo 
Mountain (after A. A. Baker) and at the four southern Henry Mountains is shown by structure contour maps and geologic cross sections. Below are oblique and cross 
section diagrams to illustrate the space available for cross-cutting intrusions that conically deform circular areas. The area of the basal circle of each cone is equal to the 
area A on the lateral slopes. The area designated B is the amount by which the lateral slope exceeds the circular base. In the Colorado Plateaus the conditions were 
such that at least 2,600 ft of uplift in a circular area 6 mile? in diameter could be accommodated by stretching the domed strata without creating space for intrusions 
(Navajo Mountain). Area B in the cone representing Navajo Mountain was, therefore, kept closed by stretching the domed strata. Greater uplift in equivalent areas 
in the Henry Mountains resulted in parting of the strata and creation of space to accommodate the stocks (black). On the cones representing Mounts Holmes, Ellsworth, 
Pennell, and Hillers the stippled areas are equal to area B on the cone representing Navajo Mountain. 



tains. Also, the scarcity of anticlinal domes in the 
formations older than the Jurassic precludes the pres- 
ence of more than very few laccoliths in those forma- 
tions, so the assmned m^ushroom. laccolith would have to 
be in a part of the stratigraphic section that was largely 
avoided by the known laccoliths. Finally, the only 
symmetrical mushroom laccoliths known are very 
small, like the Shonkin Sag laccolith in Montana. The 
laccohths that would be required to produce the large 
domes at the Henry Mountains would have about 150 
times the volume of the Shonkin Sag laccolith; the 
growth of a mushroom laccolith to such huge size prob- 
ably w-ould result in imperfect form and yield an un- 
symm.etrical dome. 

It is concluded that the stocks in the Henry Moun- 
tains were emplaced by physical injection and that the 
large mountain domes were the result of the vertical 
push accompanying injection. The area of the beds 
turned up in the domes around the stocks is equal to 
the area of those beds before deformation and the 
doming cannot be satisfactorily accoimted for by 
orogenic folding or by arching over buried laccoliths. 

The structure of La Plata Mountains resembles that 
of the Henry Mountains, and Eckel inferred that the 
early intrusions of diorite and rnonzonite porphyry 
there were forcibly injected v/hcreas later intrusions 
of nonporphyritic diorite and m^onzonite, an igneous 



phase not represented in the Henry Mountains, were 
emplaced by assimilation or replacement of the country 
rocks (Eckel, 1937, p. 260). 

The simplicity of the mushroom form^ of laccolith as 
conceived by Gilbert has provided an appealing expla- 
nation for large domal uplifts in other regions of little 
folding. One result of assuming this explanation is 
that the degree of discordance between intrusions and 
domed strata has been overly minimized and the con- 
cordance, or apparent concordance, has been stressed. 
Discordance is largely measured vertically, a direction 
in which the geologist usually has little information. 

By way of example, the igneous cores in the numerous 
domes in the Pyatigorsk region north of the Caucasus 
cut across 1,500 ft or m^orc of strata in a mile hori- 
zontally^ (Derweiss, 1903 and 1908; Gerasim.ov, 1937, 
pp. 59-67). The igneous cores at South Afoccasin 
Mountain, Montana, and at Carrizo Mountain, Ari- 
zona, cut across 1,000 ft of strata in a mile horizontally 
(Palmer 1925, p. 120, fig. 3; Emery, 1916, pp. 349-363). 
The igneous core of the dome at Marysville Buttes, 
California, cuts across 1,700 ft of strata in three miles 
horizontally (Williams, 1929, p, 147). The igneous 
core at Bear Butte, South Dakota, crosscuts 1,500 ft 
of strata in three-quarters of a rnile. The observed 
discordance at these domes necessarily has to be 
measm^ed on the horizontal plane represented by the 
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land surface (Jaggar, 1901, pp. 221-223). The dis= 
cordance is considerable, even so, and one cannot 
measure the discordance vertically where it would 
be at its maximum. 

These flomes are like the large mountain domes 
around the stocks in the Henry Mountains and are 
not at all like the anticlinal noses produced by the 
radiating laccoliths. While it is true that such domes 
could be the result of arching over perfectly shaped 
mushroom laccoliths they could as readily be the 
result of doming by crosscutting intrusions like the 
stocks in the Henry Mountains. 

In the Henry Mountains the difference in width of 
the stocks and the difference in height of the structural 
domes around them apparently were determined by 
the stage at which the igneous activity and accompany- 
ing deformation ceased on each mountain. V^Hiere 
the activity/ is m.ore advanced, as represented by the 
wider stocks, the mountain domes are higher, there is 
greater shattering and more metamorphism around 
the stocks, a greater variety of magma types, and much 
larger volume of satellitic intrusions than around the 
narrow stocks. 

FORM AKD MODE OF INJECTION OF THE LACCOUTHS 
AND RELATED INTRUSIONS 

Table Mountain was regarded by Gilbert as the 
ideal form of laccolith and his concept of the intrusive 
form was recorded fully in his notes after examining 
that intrusion. This mountain is almost mushroom 
in form (figs. 39, 40) for its sides are steep, its shoulders 
strongly convex, and its upper surface is gently rounded. 
Gilbert assumed a stemlike feeding pipe beneath the 
intrusion (fig. 23). He recognized that the other 
laccoliths of the Henry Mountains departed from this 
ideal form and anticipated my interpretation by 
describing the laccoliths on the north side of Mount 
Pennell as linear bulges (Gilbert, 1877 b, p. 38). 

Geologists have pretty generally followed Gilbert ^s 
assumption that laccolithic intrusions are injected 
from below, but many varieties of the intrusive form 
have been described. 

The laccoliths in the West Elk Mountains, Col- 
orado, were described as asymmetrical bulges, steep on 
one side and wedging out on the other side (fig. 66, 
and Cross, 1894, pp. 152-341). The laccohths of 
the Judith Mountains, Mont., were described as 
having strongly convex tops, concave sides, and taper- 
ing edges (fig. 67, and Weed and Pirsson, 1898, pp, 
437-616). Laccoliths having irregular form were re- 
ported in the Black Hills, S. Dak. (fig. 68} and 
the Little Belt Mountains, Mont. (Jaggar, 1901, pp. 
163-290; Irving, 1899, pp, 187-340; Weed^ 1900, pp. 
257-461), and a circular sheetlike laccolith was found 




Figure 66.— Section through Mount Marcellina, West Elk Mountains, Colo, 
(after V^^ Cross). The section is about 7 miles long. 




Figure 67.— Cross section of the Alpine laccolith, Judith Mountains, Mont, (after 
Weed and Pirsson) . The section is about 7 miles long. 
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Figure 68.— Diagrammatic cross sections of some laccoliths in the Black Hills (after 
Irving). A, Laccolith at the unconformity at the base of the Cambrian north of 
Deadwood Gulch. B, Ragged Top laccolith in the Cambrian shale, at the 
base of limestone. 



at Shonkin Sag, Mont. (fig. 69, and Weed and 
Pirsson, 1901, pp. 1-17; 1895, p. 389; Pirsson, 1905; 
Weed, 1899). As increasingly complex shapes became 
recognized new names were introduced. 



Figure 69.— Cross section of the Shonkin Sag laccolith (after Pirsson). The section 
is about 9,000 ft long. White indicates syenite and transition rock; criss-crossed 
symbol indicates shonkinite. 
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The laccoliths in the Henry Mountains are tongue- 
shaped masses that were injected radially as satelhtes 
from the stocks. That the laccoliths are injected 
masses is proved by the arching of the sedimentary 
formations over them, continuity of the stratigraphic 
section above and below the laccohths, and elevation 
of a stratum to the roof when cut off at the floor. 
Some of the intrusions bulged so steeply that their 
roofs became raised by faulting rather than folding; 
these are bysmaliths but except for the faulting they 
are like the laccoliths. 

Probably the laccoliths started as irregular bulges 
at the walls of the stocks and assumed their tongue 
shape upon being squeezed between the strata. Figure 
70 illustrates some alternative vfays by which they may 






FiGTTRE 70.— Diagrammatic cross sections illustrating some alternative ways by 
which the Henry Mountains laccoliths may have grown. The dotted lines rep- 
resent stages during growth. The laccoliths may have developed from sills that 
lifted their roofs (A) , or they may have been extended distally (B) . More probably 
the growth was a combination of these processes whereby the initial injection 
was wedge-shaped. 



have grown. Sills may have been injected to the full 
length and width of the laccoliths and later bulged 
by lifting their roofs (fig. 70^1) but such bulging 
probabty would have produced dom.es instead of the 
linear ridges on the roofs of the laccoliths. The 
laccohths may have been injected at their full thick- 
ness and extended distally (fig. 70B), but this requires 
upward bending of the invaded rocks in fronts then 
bending them in the opposite direction, and finally 
flattening them out again, a difficulty pointed out 
by Davis (1925, pp. 414-415). Probably the growth 
was by a combination of these two processes (fig. 70C'). 
The bysmaliths seem to have developed similarly 
except their sides are steeper and faulted. 

Another interpretation is that the laccoliths and 
the bysmaliths are bulges at the heads of dikes radiat= 
ing from the stocks, but the alm_ost com_plete absence 
of dikes in the formations that house most of the 
laccoliths make this interpretation improbable. 

Immediately after injection the laccoliths may have 
been slightly more bulbous than now because, as shown 
by Pirsson (Weed and Pirsson, 1898, p. 585), strata 
have considerable plasticity when acted upon in large 
masses, and a laccolithic dome may therefore become 
flattened during a readjustment following intrusion. 

SOME FACTORS AFFECTING THE MECHANISM OF INTRTJ- 
SION IN THE HENRY MOUNTAINS 

CHARACTER OF INVADED ROCKS 

Earlier investigators have shown that laccoliths are 
most likely to occur in the least coherent strata (Howe, 
1901, pp. 291-303) whereas thick incoherent form.a- 
tions that lack pronounced bedding favor the develop- 
ment of irregular intrusions (Howe, 1901, pp. 291-303; 
Cross, 1894, p. 237). The stratigraphic distribution 
of the laccohths and related intrusions in the Henry 
Mountains strongly supports these conclusions. 

On the basis of relative competency and coherence the 
sedimentary rocks in the vicinity of the Henry Moun- 
tains may be divided into four zones; the formations 
that are pre-Wingate; the Glen Canyon group; the San 
Rafael group and lovfcr half of the Morrison formation; 
and the upper half of the Morrison formation and the 
Cretaceous form_ations. 

Formations between the crystalline basement and the 
Wingate sandstone are well-bedded, alternating thin 
competent and incompetent units, probably totaling 
5,000 ft or more in thickness. There are some sills, but 
.only one laccolith exposed in this zone. Even including 
possible buried laccoliths there can be only a very few in 
the zone. Laccoliths as bulbous as those in the Henry 
Mountains could not be buried without revealing their 
presence in the structure of the rocks at the surface. 

The Glen Canyon group, about 1,200 ft thick, is 
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higlil}^ competent. Except for 250 to 300 ft of bedded 
sandstone of the Kayenta formation, the group is mas- 
sive, firm sandstone. This zone contains very few lac- 
coHths even including possible buried ones, and their 
volume must aggregate even less than the laccoliths in 
the underlying zone. 

The San Rafael group and lower half of the Morrison 
formation are somewhat more than 1,000 ft thick. The 
lower part is mostly poorly bedded sandstone and is 
much less competent than the Glen Canyon group. 
The upper part consists of well-bedded, sandy shale 
overlain by a series of Vv^cll-bcddcd sandstone alternating 
with shale. The laccoliths in this zone comprise about 
15 percent of the total volume of laccoliths in the 
mountains. 

The upper half of the Morrison formation and the 
Cretaceous formations are about 2,500 to 3,000 ft thick. 
They consist of incompetent shale and clay in very thick 
units separated by a very few, rather thin, competent 
sandstone beds. By far the greatest number of lacco- 
liths, and at least 70 percent by volume are in this zone. 
These laccolithic intrusions are not evenly distributed 
through this upper zone but are concentrated at the 
three competent sandstone units — the Emery, the E er- 
ron, and a sandstone at the top of the Morrison — that 
separate the thick incompetent shale units. 

All five of the large bysmaliths — Table Mountain, 
Bull Mountain, Ragged Mountain, Bulldog Peak, and 
Black Mesa — ^are in the Morrison form^ation, but most 
likely this is an accident of position (see p. 147) with 
respect to neighboring intrusions. 

REGIONAL STRUCTURE 

Coherence and competency of the invaded rocks are 
among the most important factors controlling the form 
of intrusions and these factors are greatl}^ influenced by 
orogenic structures. Because laccoliths are concordant 
intrusions they occur only where bedding planes are the 
easiest planes of parting; wherever folding and jointing 
are intense, intrusions readily depart from bedding 
planes and assume irregular form. An irregular mold 
must yield an irregular cast, so laccoliths rarely can de- 
velop in rocks having complex structures. The sim- 
plicity of the regional structure of the Colorado Pla- 
teaus therefore favored the development of laccoliths. 

The laccolithic mountain groups of the Colorado 
Plateaus have random distribution v/ith respect to the 
structural features of the plateaus and the locations of 
the laccolithic mountains seem independent of the re- 
gional structure (p. 88). This has been a general con- 
clusion of students of laccoliths but a few investigators 
have regarded the conclusion as unwarranted. 

Thus, Jaggar (1901, p. 286) was impressed by the oro- 



genic folding in the Black Hills and assumed that this 
factor had been overly minimized in previous studies of 
laccoHths. Much later, Pohlig (1907, pp. 278-280) and 
Keyes (1918, p. 75) also stressed orogenic folding as 
controlling the development of some laccoliths, and in 
1921 Hobbs (pp. 51-61) suggested that laccoliths were 
the result of fusion of shale caused by release of pressure 
beneath competent members that carry the load during 
the folding. Gould (1926a, 1926b, and 1927) showed 
that Hobbs' hypothesis was not applicable in the La Sal 
Mountains, and that although orogenic structures affect 
the forms of laccoliths, the laccohths can be entirely 
independent of such structures. 

Although the location of laccolithic m.ountains seems 
independent of regional structure in the Colorado 
Plateaus, the structure exerted a modifying influence 
by imposing a distinct grain to the intrusive structures 
in the Henry Mountains. On Mount Ellen the lacco- 
liths northeast and southwest of the stock are narrow, 
linear bulges whereas the laccoliths northwest and 
southeast of the stock are broad and sheetlike. Most 
of the dikes and minor faults in the shatter zone around 
the Mount Ellen stock also trend northeast. On 
Mount Pennell and Mount HiUers laccoliths vfcrc in= 
jected only northvfard or northeastv/ard from the stocks. 
Mount Holmes and Mount Ellsworth are alined in a 
northeast-southwest direction parallel with one set of 
prominent faults, and Mounts Holmes, Hillers, and 
Pennell are alined parallel with a set of joints at right 
angles to the faults. Finally, the shatter zone on 
Mount Ellsworth is hnearly extended to the southwest. 
As these linear structures parallel the two principal sets 
of 'joints in the Henry Mountains structural basin 
(pi. 5) the intrusions were presumably controlled either 
by the joints or by a more fundamental structure that 
is reflected by the joints. 

VOLUME OF THE INTRUSIONS 

Laccoliths in the Henry Mountains have an average 
volume of about one quarter of a cubic mile. Most 
laccoliths generally have diameters measurable in thou- 
sands of feet but this is not an essential feature. The term 
has been used to describe the huge intrusions at the 
Kola Peninsula in northv/estorn U. S. S. R. (Ram.say 
and Hackm^an, 1894) and at the other extrem-e m_icro- 
laccohths, measurable in centimeters, have been de- 
scribed (Petrov, 1933, pp. 86-87). Wliether an intru- 
sion should be described as a laccoHth depends wholly 
on the structure and form of the intrusion; the volume 
is not critical. However, most very large intrusions 
probably have irregular form. 

The Copper Ridge laccohth on Mount Ellen, the 
largest of the Henry Mountain laccoliths, has a volume 
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Table 6. — Estimated VGluvies of SG7ne of the intriisions in the Henry Aloitniains 



Intrusion 


Length 
(miles) 


Width 
(miles) 


Maximum 

thickness 

(miles) 


Estimated 

volume 

(cubic miles) 


Lowest formation intruded 


Mount Ellen: 

Granite Ridges laccolith _ 


2.2 
3.0 

2. 2 
1.0 
2.0 
2.5 
3.0 
2.5 
3.5 
4.3 
4, 
L5 

3. 2 
4.0 
2.2 
2.0 
1.3 
1.8 
2.0 
1.8 
3.5 
1. 3 
1. 5 
1. 1 


1.5 
1.0 
3.5 
1.0 
LO 

. 4 
1.2 
1.2 

.5 
1.0 
1. 

.8 
1.0 
1.5 

.7 
1.2 
1.3 

. 7 
2.6 
1.0 
1.2 
2.0 

.7 
1. 1 


0.30 
.20 
.25 
.30 
.30 
. 15 
.25 
. 22 
. 10 
.20 
.40 
.25 
. 10 
. 10 
. 15 
.40 
.50 
.50 
.30 
.50 
. 10 
. 10 
. 40 


0. 33 
. 15 
.77 
.08 
.2 
.07 
.36 
.23 
.08 
,35 
.80 
.24 
. 16 
.30 
. 15 
.35 
.34 
.23 
.30 
.32 
.21 
, 13 
.25 
1 1.00 


Uppermost Morrison, 


iJutler Wash laccolith 


Summerville. 


Copper Ridge laccolith 


T^akota. 


Ragged Mountain bysmalith 


? 


Slate Creek laccolith 


Uppermost Morrison. 
Tununk shale. 


Bullfrog Creek laccolith _ 


South Creek Ridge laccolith 


Ferron. 


Durfey Butte laccolith _ _ 


Perron. 


Sarvis Ridge laccolith 


Dakota. 


Dugout Creek laccolith 


Summerville 


North Summit Ridge intrusion 

Corral Ridge laccolith 


Tununk shale 


Arch laccolith and overlying sills _ 


Uppermost Morrison. 
Uppermost Entrada. 
Uppermost Morrison. 
Upperm^ost Morrison. 
Uppermost Morrison. 
Tununk shale. 


Cedar Creek laccolith 


Uedar Ridge laccolith _ 


Laccoliths northwest of peak of Mount Ellen 


Table Mountain bysmalith _ _ _ 


North Spur laccolith _ _ _ 


Horseshoe Ridge and Nazer Canyon laccoliths 

Bull Mountain bvsmalith__ ' __ 


Tununk shale. 
? 


Bull Creek laccolith „ _ 


Uppermost Morrison. 
Blue Gate shale. 


Sawmill Basin laccolith _ _ 


Wickiup Ridge laccolith 


Uppermost Morrison. 


Mount Ellen stock. _ 








Total Mount Ellen 








7.89 














Mount Pennell: 

The Horn and adiacent laccoliths 


2.5 
1.2 
2.0 
1.5 
1.5 


L5 
1.0 
1.0 
4. 5 
1.5 


0=25 
.20 
-20 
.25 


0= 30 

.08 

.20 

.60 

12.25 


Kprrnn . 


Coyote Creek laccolith 


Uppermost Morrison. 
Uppermost Morrison. 


Dark Canvon laccolith 


Sills around the stock _ 


Mount Pennell stock _ 










Total Alount Pennell 








3.43 














Mount Hillers: 

Chapparal Hills laccolith- 


3.0 
1. 
4.5 
4. 
3.0 
.7 
2.0 


1.2 

1. 

. 5 

1.4 

1.3 

.5 

. 5 

small 

6.5 

1. 25 


0. 15 
. 10 
.30 
. 12 
.25 
.33 
. 10 


0. 18 
.07 
.22 
.28 
.58 
.04 
.05 
.01 
.39 
1 2 44 


Dakota 


Black Mesa bysmalitli__ ___ _ 


Summerville . 


Sawtooth Ridge and North Sawtooth laccoliths 

Speck Canyon laccolith _ __ 


Morrison. 
Summerville . 


Stewart Ridge laccolith _ _ _ 


Tununk shale 


Bulldog Peak bvsmalith „ 


Uppermost Morrison. 
Tununk shale. 


Quaking Asp Creek laccolith , . _ 


Trachyte Mesa laccolith _ 


Entrada. 


Sills and dikes around stock 


.75 
L 75 






Mount Hillers stock 












Total Mount Hillers 








4.26 














Mount Holmes: 

Buckhorn Ridge laccolith 

Theater Canyon laccolith 


0.7 
.5 


0.4 

.5 


0.04 
.04 


0. 04 
.04 
. 12 

1.06 


Chinle. 
Kayenta. 


Dikes and sills _ ^ _ 


Mount Holmes stock _ 


.3 


.3 












Total IMount Holmes . _ 








0. 26 














Mount Ellsworth: 

Sills and dikes north of the stock 


0.6 

L2 

.6 


1.7 

1.0 

. 5 




0. 15 
.20 

.26 




Sills and dikes south of the stock _ 






Mount Ellsworth stock 












Total Mount Ellsworth 








0. 61 














Total Henry IMountains 








16.35 















1 Volumes assigned to the stocks arc based on the assumption ol vertical walls and are computed to a depth equivalent to the structural relief of the mountain domes 
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of about three-quarters of a cubic raHe, but it may 
consist of several injections. The Stewart Ridge lac- 
colith on Mount Hillers is the second largest laccolith, 
having a volume of about half a cubic mile. Its simple 
structural form suggests that it is probably a single 
injection. The volumes of the other laccoliths are a 
thn-d of a cubic mile or less. The volumes of the 
bysmaliths are comparable to those of the laccoliths. 
The accompanying table shows the dimensions, esti- 
mated volume, and the lowest formation mtruded by 
each of the exposed intrusions. 

The laccoliths and other minor intrusions have an 
estimated total volume of slightly more than 10 cu 
mi and the actual volume is probably not much greater 
than this because evidently there are very few buried 
laccoliths. 

If the stocks were physically injected their total 
volume down to the magma reservoir or zone of plastic 
flow can be estimated even though their shape is not 
known. If the beds that are turned up around the 
stocks had acted like perfectly competent units the 
volume of the stocks that produced the doming woidd 
be equal to the volume of the cone of deformation. But 
because incompetence of the beds serves to minimize 
the apparent amount of deformation the volume of the 
domes is a measure of only the minimum volume of 
igneous rock required to produce them. Thus, for 
example, the cone of deformation at Navajo Mountain 
requires at least 4J^ cu. mi. of igneous rock whereas the 
cone of deformation at Mount Ellsworth requires at 
least twice that amount and the cone of deformation at 
Mount Hillers requires three times the amount. 

VISCOSITY 

The diorite and monzonite porphyry in the Henry 
Mountains must have boon exceedingly viscous m^agmas 
because tho}^ were able to float the heavy hornblendite 
inclusions. The specific gravity of the diorite porphyry 
is about 2.65 and that of the monzonite porphyry is 
about 2.55. An average hornblendic inclusion has a 
specific gravity of nearly 3.0. Judging from Daly's 
calculations (1914a, p, 202) the difference in specific 
gravity of the inclusions and the magma was even 
greater at the time of intrusion because, although the 
magma and inclusions were at the same temperature, 
the magma was molten whereas the inclusions were 
crystalline. But in spite of the considerable difference 
in specific gravity the inclusions did^ not sink noticeably, 
for they are evenly distributed, in an}^ one laccolith and 
are not concentrated in its lower parts. As the magma 
was essentially under hydrostatic pressure in the 
laccolithic chambers the failure of the inclusions to 
sink means either quick quenching or very high viscosity 
of the magma — probably both. 



The im.portance of viscosity in controlling intrusive 
forms has been discussed by numerous investigators. 
According to Pirsson (Weed and Pirsson, 1898, pp. 
584-587). 

* * * As soon as an intrusive sheet spreads out, the whole 
upward-propelling force becomes as much greater as the hori- 
zontal area of the sheet is greater than the area of the 
source * * * of supply. It is in fact now converted into 
the upw^ard member of a hydrostatic press — although * * * 
owing to its viscosity lava is not a perfect liquid. * * * 

As the sediments lift they tend to split, and into this split the 
lava tends to insinuate itself, and in proportion as it does so it 
becomes part of the press and the lifting goes on. Thus a very 
liquid lava tends to spread itself widely for two reasons: first, 
because it transmits the pressure readily; and second, because 
it readily enters all the cracks in the strata. * * * 

In proportion as the viscosity of the lava increases, these effects 
cease. As the distance from the point of application of the force 
increases, the retarding effect of the gradually cumulative 
viscosity comes into play and the onvv^ard-propelling force de- 
creases, while the more viscous material, like a blunt wedge, 
splits the strata less and less easily. * * * the material is 
locally concentrated, and a laccolith is formed. 

Viscosity of a magma prevents perfect transmission 
of pressure laterally and so results in relatively greater 
upward thrust (Weed, 1899). The effect of progressive 
increase of viscosity during intrusion was first recognized 
by Paige (1913; Darton and Paige, 1925, pp. 23-24) 
who showed that if a magma be introduced sufficienthv 
slowly marginal cooling may increase the viscosity 
along the thinned edges; the area of perfectly trans- 




FiGURE 71.— Diagramatie sections to illustrate the effect of marginal cooling and 
increasing viscosity on the shape of a laccolith (after Paige). Progression from A 
to E. The dotted part represents the cooled viscous part of the intrusion. 
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milted pressure would therefore be reduced. The 
region of greatest pressure is where the rnagrna is most 
fluid, over the source pipe. Thus in the diagrams in 
figure 71, as stated by Paige (Darton and Paige, 1925, 
p. 24): 

The outer part would congeal first, and as the area in which 
pressure was transmitted perfectly was thus reduced each 
successive application of pressure would accentuate the upward 
curve of the strata over the source of supply of the laccolith, and 
the curve on the flanks of such a system would become more or 
less concave upward. 

* * * where the dips of the overlying strata approach the 
vertical, and the central part of the igneous mass is still com- 
petent to transmit pressure either by hydrostatic action or by 
direct thrust through a central core^ now very viscous, it is 
possible that brealis would occur and that the configuration of 
the mass would become roughly cyhndrical and the fault surface 
more or less circular. 

Experimental data also indicate that, other things 
being equal, domical curvature of a laccolith varies 
with the viscosity (Howe, 1901, p. 303; MacCarthj, 
1925, pp. 1 18). Viscous magma produces a higher 
dome of smaller ground plan than does the same volume 
of fluid magma. 

Most of the laccoliths have great bulges on their 
roofs; on some of the intrusions, the bysmaliths, the 
bulges have such steep sides that their roofs were 
raised by faulting. But these bulbous intrusions occur 
alongside sills and if the differences in form are due 
either to differences in viscosity or to marginal chilling 
at the time of intrusion the evidence for that has been 
overlooked. The magmas evidently were viscous but 
I was unable to find evidence indicating ciiiierences of 
viscosity in separate intrusions. 

Failure to find such evidence, hov/ever, is neither 
surprising nor conclusive because several factors, all 
difficult to evaluate, contributed to the viscosity of 
these magmas. The phenocrysts were forming before 
the magma reached the level of the present exposures 
(p. 152) and if they were half formed at that stage the 
magma contained about 25 percent suspended solid 
matter, which would greatly increase the viscosity. 
Further, and probably much more important, the por- 
phyiy magmas must have been relatively cool and have 
contained only very small amounts of volatile constit- 
uents (p. 165). 

Fluid magmas common^ form composite laccoliths 
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Figure 72.— Cross-section of a differentiated laccolith, Slcye, Scotland (after Harker). 
Qranophyre (white) in basalt. 



(fig. 72) whereas viscous magmas do not permit such 
differentiation and tend to be homogeneous. The fac- 
tors that prevented sinking of the big hornblendic 
inclusions in the dioritc and monzonite porphyries in 
the Henry Mountains also prevented differentiation in 
situ by crystal settling, so the hornblende phenocrysts, 
having a specific gravity of about 3.20, are as abundant 
at the top and middle as at the base of the laccoliths. 

COMPOSITION OF THE MAGMA 

Composition of the magma is important in control- 
ling the form of intrusions only insofar as the composi- 
tion controls physical factors such as viscosity. The 
composition is not important directly and the physical 
factors favorable to the development of laccoliths may 
be present in almost any kind of magma, v/hether it be 
ultrabasic, acidic or intermediate (Daljr^ 1914a, pp. 
75-76). In the Henry Mountains the laccoliths are 
formed by porphyries having an intermediate composition. 

RATE OF INTRUSION 

Rate of intrusion is a very important factor control- 
ling the intrusive form because, as others have pointed 
out (Weed and Pirsson, 1898, pp. 584-587; Howe, 
1901;MacCarthy, 1925), an increased rate of intrusion 
has the effect of increasing the viscosity. A fluid 
magma injected rapidly can become as bulbous as a 
viscous magma injected slov/ly. One is tempted to 
infer that, statistically at least, the sheets in the Henrj^ 
Mountains were injected more slowly than the lacco- 
liths and the laccoliths injected more slowly than the 
bysmaliths and stocks. 

The rate of intrusion of laccoliths perhaps is com- 
parable to the rate of volcanic eruptions involving 
comparable quantities of material. The typical Henry 
Mountains laccolith has only about 5 percent as much 
volume as many of the plateau-basalt floods but the 
typical laccolith has several times the volume of in- 
dividual lava flow^s from central-vent volcanoes, even 
including flows from parasitic cones or fissures that 
partly drain the higher part of the main volcanic pipes 
(Daly, 1914a, pp. 120, 290). However, many of the 
laccoliths, and perhaps most of the larger ones, seem 
to be multiple injections and the volume of the individ- 
ual injection may be more nearly equal to the volume 
of individual lava flows. 

It seems as though more energy would be required 
to inject a laccolith than to erupt a lava flow having 
the same volume, because the sedimentary rocks must 
be internally deformed by bending to accommodate 
the intrusion. VfTiatcvcr mxay have been the reason 
for the laccoliths being injected laterally from the 
stocks instead of the magma continuing to rise to the 
surface it seems probable that the rate of intrusion of 
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the laccoliths was slower than the rate of eruption 
from most central-vent volcanoes, unless the pro- 
pelling force was greater in the stocks than at volcanoes. 
By such reasoning it may be inferred that a laccolith 
composed of a single injection could be formed in a 
matter of days. 

Making a further comparison with volcanic activity 
it is probable that the Henry Mountains igneous ac- 
tivity extended over many thousands of years, with 
sudden periods of activity forming one or several 
laccoliths interspersed in longer periods of quiescence. 

OVERBURDEN AS AFFECTING DOMAL CURVATURE OF THE LACCOLITHS 

Gilbert (1877b, p. 90) concluded that with constant 
pressure of injection, the limital area of a laccolith 
is a direct function of its overburden, so the greater 
the overburden the greater is the limital area. Howe's 
experiments (Jaggar, 1901, p. 284) indicated just the 
opposite conclusion. 

* * * the dome curvature or a iaccoiith is greater under a 
greater load, hence for the same volume of intrusive the area 
is smaller. In an experiment with a load of shot on the surface of 
the strata, they were domed up rapidly in the center; without 
the shot the laccoliths spread out more widely and formed a 
lov/er arch, * * * if viscosity, volume of magma, and 
pressure of injection are constant, the area of a laccolith is 
probably greater when the depth is less. 

In the northern three Henry Mountains the intru- 
sions in the Jurassic formations, on the average, are 
somewhat more domed than are those in the Upper 
Cretaceous formations but the evidence that this was 
controlled by overburden is not convincing. All five large 
bysmaliths, for example, are in the Jurassic formations, 
but they also are located outside the clusters of lacco- 
liths as if they were younger than the laccoliths and 
had bulged upvv^ard v/here they emxcrged from under the 
added load represented hy the higher intrusions. If 
this be so, the bysmaliths rather contradict the experi- 
mental data; they bulged where the overburden above 
them was least. Moreover, sheetlike and bulbous 
intrusions that have comparable volumes occur side 
by side in the same formations, as for example the 
South Creek and Durfey Butte laccoliths. In the 
Henry Mountains apparently factors other than over- 
burden were all-important in controlling differences in 
the form of the intrusions. 

OVERBURDEN AND POSSIBLE VULCANISM AT TIME OF IRRUPTION 

All the Henry Mountains laccoliths appear to have 
formed under moderate overburden. No evidence was 
found of laccoliths breaching the surface rocks as seems 
to have occurred at the Euganean Hills, Italy (Stark, 
1907, pp. 52-56: 1912, pp. 10-80; Lachmann, 1909, p. 
336; Cornu, 1906, pp. 45-46), and at Elden Mountain 



in the San Francisco Mountains, Ariz. (fig. 73 and 
Robinson, 1913, pp, 74-85), 
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Figure 73.— Geologic cross sections of the Elden Mountain laccolith, Arizona, which 
broke through to the surface (after Robinson). 

There is little basis for estimating the thickness of 
rocks under which the Henry Mountains intrusions 
were injected and it is necessary to go far from the 
mountains for such evidence as there is. 

In the southern part of the Wasatch Plateau coal 
held about 3,500 ft of uppermost Cretaceous and Paleo- 
cene strata overlie the basal sandstone of the Mesa- 
verde formation (Spieker, 1931, pi. 3). Eocene deposits 
are about 7,000 ft thick in the Uinta Basin (Bradley, 
1931, pp. 8-20). In the western part of the Wasatch 
Plateau they are about 4,000 ft thick (Spieker, 1931, p. 
16); near Bryce Canyon, Utah, they are about 1,500 
ft thick (Gregory and Moore, 1931, p. 115); and at the 
Chuska Mountains, Ariz., they are about 2,000 ft thick 
(Gregory-, 1917, pp. 80-81) 

Somewhere around 10,000 ft is a reasonable estimate 
of the maximum thickness of Cretaceous, Paleocene, 
and Eocene strata that have been removed from above 
the Mesaverde formation in the Henry Mountains 
region. If the intrusions occurred in late Eocene or 
Miocene time the overburden, in addition to that 
preserved, was probably nearer a mile in thickness. If 
the overburden was no more than a mile thick the tops 



148 



GEOLOGY AND GEOGRAPHY OF THE HENRY MOUNTAINS REGION^ UTAH 



of some of the laccoliths were higher than the surface of 
the surrounding plateau, like the Sandfell laccolith in 
Iceland (Hawkes and Hawkes, 1933). 

To what extent the intrusions penetrated the mile or 
so of overburden cannot be determined, but if any of 
the stocks did break through to the surface the volcanoes 
would have been built on top of structural domes 
similar to the Marysville Buttes in California (Wil- 
liams, 1929). 

IGNEOUS AND STRUCTURAL HISTORY OF LACCO- 
LITHIC MOUNTAINS IN THE COLORADO PLATEAUS 

The stratigraphy and structure of the Colorado Pla- 
teaus is fairly uniform, so the similarity in form of 
intrusion, geologic structure, and igneous rock types in 
the several laccolithic mountain groups of the Plateaus 
must reflect close similarity of the igneous processes at 
the several mountains. One process operating under 
similar conditions at several places would hardly be 
expected to reach the same stage of completion at each 
locality, so the laccolithic mountains of the Colorado 
Plateaus can be regarded as a series of examples of one 
igneous process at various stages of completion. 

Navajo Mountaia represents the least advanced 
stage of the process. It is a dome, 6 to 8 miles in diam- 
eter, having smooth flanks and a structural relief of 
about 2,600 ft (Baker, 1936, pp. 71-72). The dome is 
slightty asymmetrical in cross section and not quite 
circular in plan, being elongate to the northeast. Such 
folds do not occur in the plateau except at the lacco- 
lithic mountains and although no igneous rocks have 
been found on Navajo Mountain its dimensions and its 
elongation northeastward are like Mount Holmes and 
Mount Ellsworth and leave little doubt that it, too, is 
the result of igneous intrusion. The doming is probably 
the result of a vertical push associated with the rise of 
a crosscutting intrusion (p. 139). 

Mount Holmes represents the next more advanced 
stage. It consists of a simple dome, like Navajo Moun- 
tain, except for m^inor faulting. The domxing covers 
the same area but is slightly higher than on Navajo 
Mountain; in addition, at the center of the dome is a 
small stock from which radiate a moderate number of 
dikes, sills, and very small laccoliths. 

The activity is still farther advanced at Mount Ells- 
worth, where the doming is steeper and higher though 
still involving no greater area. At the center of this 
dome is a stock of moderate size surrounded by a 
shatter zone and radiating from it are abundant dikes 
and sills. 

The domes at these three mountains have the same 
ground plan, cover equal areas, and each is slightly 
elongate in a northeasterly direction. They differ only 
in the amount of uplift, but coincident with the greater 



uplift there are larger slocks at the center of the domes 
and more abundant satellitic intrusions, mostly dikes 
and sills, in the flanks of the domes. 

Structurally Mount Pennell and Mount Hillers pro- 
vide the next more advanced stage. On these mountains 
the doming is much steeper than on the southern moun- 
tains although the area involved is the same. Much 
larger stocks lie at the center of these domes. The 
Mount Hillers stock is larger than the Mount Pennell 
stock and the doming around it is steeper. The flanks 
of the domes contain numerous dikes and sills but, in 
addition, to the north and northeast, huge, linear, 
tonguelike laccoliths were injected from the stocks. 
Two bysmaliths also w ere formed on Mount Hillers. 

On Mount Ellon the doming covers a mxuch v/idcr area 
than at the other mountains, the laccoliths radiate in 
all directions from the stock, and three bysmaliths were 
formed. 

These gradational structural types were produced 
largely by the diorite porphyry. On Mount Pennell the 
petrogenesis is advanced one stage farther by the later 
intrusion of the monzonite porphyry. These porphyry 
intrusions were relatively dry and had no great temper- 
ature, for they caused little metamorphism of the 
invaded rocks. 

In La Sal Mountains the petrogenesis is still further 
advanced by the intrusion of syenite porphyry in addi- 
tion to the other porphyries (Gould, 1927, pp. 78-89). 
Moreover, around the stock in the North La Sal Moun- 
tain metamorphism is much more extensive and much 
more intensive than around the stocks in the Henry 
Mountains. 

In La Plata Mountains (^ckel, 1937) of Colorado 
there can be recognized the several stages of physically 
injected porphyries like those in the Henry Mountains 
and La Sal Mountains. But the process is still more 
advanced because the intrusions are cross-cut by gran- 
ular, plutonic rocks that have the same chemical and 
mineral composition as the co-magmatic porphyries but 
which differed greatly in internal condition at the time 
they were formed ; they profoundly metam.orphosed the 
country rocks around them and apparently were em- 
placed by replacement, stoping, or a related process. 
The intrusions of Elk and West Elk Mountains in 
Colorado seem to represent an advanced stage similar 
to those of the La Plata Mountains (Cross, 1894, p. 179). 

Contrary to the opinion I expressed a number of years 
ago (1938, p. 88) the differences between the several 
mountains are not the result of differences in depth of 
erosion. The absence of igneous rocks at Navajo 
Mountain proves that it is not the root of an eroded 
intrusive complex like Mount Ellen. Nor could the 
smooth flanks of Navajo Mountain or Mount Ellsworth 
conceal an intrusive complex like that of Mount Ellen. 
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The absence of monzonitc porphyry at Aloiiiit Holmes 
and Mount Ellsworth prove that they do not represent 
the roots of a complex like Moimt Pennell. The ab- 
sence of syenite porphyry on Mount Pennell proves it 
does not represent the root of a complex like the North 
La Sal Mountain. And because none of the Henry 
Mountains contains granular plutonic rocks they do not 
represent the roots of a mountain complex hke La Plata 
Mountains. Evidently the mountains are examples of 
different stages of completion of one igneous process. 
If this is so, several conclusions may be drawn about 
the intrusive mechanism: The big mountain domes were 
formed early in the process v/hilc the stocks were rising 
so these domes were formed earlier than the anticlinal 
n.oses over the laccoliths. As the stocks rose higher in 
the crust the mountain domes became higher and 
steeper, but the area of doming was not increased. The 
stocks presumably widen with depth; at any given level 
the stock at the center of a dome widened as intrusion 
progressed. The first satellitic intrusions injected from 
the stocks were dikes and sills and they were injected 
while the stocks were narrow; the laccoliths were in- 
jected later, when the stocks had widened; and the 
bysmaliilis may have formed later than most of the 
laccoliths. 

The shatter zone associated with the stocks is limited 
to the side walls of the wider stocks, suggesting that 
there is no shattering over the top of the stocks. The 
injection of more-acid differentiates of the porphyry 
occurred after the stocks had widened sufficiently to 
produce the laccohths. However, this may have been 
a function of distribution of differentiates in the reser- 
voir rather than a function of time or stage of the struc- 
tural process of intrusion. The space occupied by the 
porphyry intrusions, including the stocks, was created 
by physical injection, and the physical-chemical en- 
vironment of the intrusions v/as such as to cause very 
little gaseous or aqueous transfer of constituents. As 
the process continued^ however, the environment 
changed and resulted in extensive rock alteration, min- 
eralization and the development of granular rock types 
chemically and mineralogically allied to the earlier 
intrusions but formed by replacement, s toping, or 
assimilation. 

NOMENCLATURE OF INTRUSIVE FORMS 

Very early in his trips through the Henry Mountains 
Gilbert recognized that the mountains consist of clus- 
ters of small intrusions and domes. In his notes he 
first referred to these as ''bulges" and ''arches'' but 
near the middle of his trip in 1876, when he inferred 
their mushroom form, he used the term "lacune''. 
After his return to Washington, during the preparation 
of his report, the intrusions were referred to as "lacu- 



lites" (1877a). In his fi-nal report this term was 
m-odifi_ed to laccolite. 

In 1880 Dana (pp. 17-25) suggested that the term 
be changed to laccoHth because the ending ''ite'' was 
so generally used for designating kinds of rocks. This 
usage was generally adopted about 1900. 

The terms sill, dike, and boss had been used to de- 
scribe igneous intrusive masses before Gilbert intro- 
duced the laccolithic concept (p. 86) but after Gil- 
bert's report was published geologists became more 
cognizant of the form and structure of intrusions and 
other forms becamxC recognized. Gilbert was the fi.rst 
to clearly recognize and demonstrate that intrusions 
of igneous rock may deform the rocks into which they 
are intruded. 

The term stock was used at least as early as 1891 
(Iddings, p. 579) for elliptical, ch-cular, or irregular 
crosscutting intrusions. It is curious to note that 
stock, the German word for floor or story, was originally 
used to refer to the practice of mining ore in horizontal 
slices in the Saxon tin mines (Kemp, 1911, p. 256). 
The word was later applied to the rudely cylindrical, 
intrusive masses in which the stock-work mining system 
w^as used. 

The term batholith was introduced for the intrusions 
that fused their v/ay upv/ards, but the term has becom^e 
descriptive of large, transgressive, steep-sided, intru- 
sions and the manner of intrusion is still debated. 

Lapworth and Watts (1894; and Watts, 1886, p. 
670) described some lenticular intrusions at the crests 
of anticlines in Shropshire, England, and similar 
doubly convex intrusions were described in 1897 by 
Weed (pp. 811-812). Harker (1909, p. 77) later sug- 
gested the name phacolith for them (fig. 74). Phaco- 




FiouEE 74.— Cross section of a phacolith in anticline of Ordoviclan strata, Corndon, 
Shropshire, England (after Lapworth and Watts), a, Mytton flags and Hope 
shale; &, Staleley ashes and andesite; c, dolerite. 



liths may be doubly convex upward if located at the 
crest of an anticlme or doubly concave upv/ard if 
located in the trough of a syncline. The significant 
feature is that the phacohthic form, is a consequence 
and not a cause of the folding. Phacoliths are now 
widely recognized (Buddington, 1929; Gevers and 
Frommurze, 1929; Stenzel, 1936). They are usually 
contemporaneous with or later than the folding, but 
Kettner (1914) has described a cedar-tree laccolith in 
central Czechoslovakia that has been folded to resemble 
a phacolith (fig. 75). 
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FiouEE 75.— Cross sections (after R. Kettncf) of a cedar-tree laccolith by the Moldau River (Vltava), in central Bohemia (Czechoslovakia). A, Idealized cioss section 
of the laccolith (black) before folding. B, Cross section of the exposed folded laccolith. This section is about 3 miles long. Vertical scale exaggerated 25 percent. 

Intrusions may have iiieir original concordance 
obscured if the intrusive body yields less than the 
country rocks to later folding. Baltzer (1903, 1904) 
has described some intrusions that now cut discordantly^ 
across schists but the intrusions originally may have 
been concordant in the schists. In the subsequent 
folding the schist has yielded more than the granite and 
the contacts now are discordant as a result of structural 
movements along them (fig. 76). 





FiouEE 76.— Diagrammatic sections illustrating how an originally concordant intru- 
sion may become discordant as a result of later folding (after Baltzer). 

Iddifigs (1898) suggested the term, bysm^alith for 
intrusions whose roofs were raised by faulting, as inter- 
preted for the intrusion of dacite porphyry at Mount 
Holmes, in the Gallatin Range (fig. 77, and Iddings and 
Weed, 1899, p. 18). 

The term lopoHth (Grout, 1918) was proposed for 
those concordant intrusions, mostly of large size, whose 






Figure 77.— Idealized cross sect ion of Mount Holmes, the type bysmalithin Yellow- 
stone National Park (after Iddings). 

floors are sunken centrally (fig. 78). The Duluth 
gabbro is the type example. 

Other intrusive forms, less susceptible to proof, have 
also been named. The term ethmolith (Saloman, 1903, 
p. 310) was proposed for funnel-shaped plutonic masses 
that narrow downward and have adjacent strata bent 
downward. The term sphenolith (Burckhardt, 1906, 
p. 33) was applied to an intrusion that in one direction 
v/edges out concordantly between steeply dipping for- 
mations and in the other direction is bulgingly discord- 
ant. The term_ harpolith (Cloos, 1921, pp. 47, 84) was 
used for large sickle-shaped intrusions injected into 
previously deformed strata and then, with the host 
rocks, stretched horizontally in the direction of maxi- 
mum orogenic displacement. The name akmolith 
(Erdmannsdorfler, 1924, p. 53) was applied to an intru- 
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Figure 78.— Diagrammatic sections to illustrate the form of a lopolith and possible 
relation to some otlier intrusive forms (after Grout) . 



sive form interpreted by Steinman (1910, pp. 13-35) in 
the Andes. The akmolith is supposed to possess a floor 
and the overlying rocks were isodinally folded and lifted 
orogenically to permit passive intriasion of the akmolith. 
Irregular knifelike apophyses intrude the folded upper 
strata to produce a sawtooth profile. Chonolith (Daly, 
1914, p. 84) was introduced for injected igneous intru- 
sions having shapes so irregular or relations to the 
invaded rocks so complex that the names of the simpler 
intrusive forms are not applicable. The term ductolith 
(Griggs, 1939, p. 1101) was applied to horizontal plugs 
of teardrop cross section, or headed dikes. 

The feeder to the Trachyte Mesa laccolith has a 
distinctive form and some may wish it named. Because 
the form has certain resemblances to the woody struc- 
ture of the cane cactus the name cactolith might be used 
and defined as a quasi-horizontal chonolith composed of 
anastomosing ductoliths whose distal ends curl like a 
harpolith, thin like a sphenolith, or bulge discordantly 
like an akmolith or ethmolith. However, as Arthur 



Holmes (1920, p. 5) has pointed out: '' * * * Brevity 
of expression is by no means an unmixed blessing, and 
the one word may require a whole paragraph of expla- 
nation.^^ 

The difficulty of acquiring adequate data about the 
form and structure of intrusions and the consequent 
necessity of depending considerably upon interpreta- 
tion is a major obstacle to the classification of intrusive 
forms. Daly (1933, pp. 75, 113) has suggested dis- 
tinguishing between injected and subjacent intrusive 
bodies, the distinction being based on the mechanism 
by which the intrusions created the space they occupy. 
The space occupied by injected bodies was created by 
physical parting of the country rocks. Subjacent 
bodies present the effect of having replaced the invaded 
formations. 

The crosscutting central intrusions in the Henry 
Mountains were emplaced by injection, so under Daly's 
classification they would be plugs or chonoliths instead 
of stocks. But because the evidence that they are 
injected could not be recognized vfhere the regional 
structure is not simple, a classification based upon the 
m^echanism of intrusion is imlikely to be generally useful. 
Even in areas like the Henry Mountains, where com- 
plexities are at a minimum, geologists will entertain 
different opinions as to the mechanism by which the 
crosscutting intrusions made the space they occupy. 
An objective classification should be based upon observ- 
able features such as form and structure, although 
elements of interpretation must enter into a classifica- 
tion based on even these factors. But if there is no 
agreement as to the structure and form of an intrusion 
it is futile to debate the mode of emplacemicnt. 

Based on structure there are two main classes of 
intrusive bodies, those that are mainly discordant and 
those that are mainly concordant with the principal 
structure of the invaded rocks. 

Discordant intrusions include: batholiths, stocks, 
plugs, volcanic necks, dikes. 

Concordant intrusions include: sills, laccoliths, pha- 
coliths, bysmaliths, lopoliths. 

Intrusions that have similar form and structure 
but different modes of emplacement can be distin- 
guished by appropriate adjectives. For example, the 
terms ''injected stocks, '' ''stoped stocks," or ^'replace- 
ment stocks" could be used depending on one's con- 
fidence in an inferred mode of emplacem_ent. In my 
opinion our thinking about fundamental geological 
processes will be clarified by the adoption of objective 
nomenclature. 
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PETROGRAPHY OF THE IGNEOUS ROCKS 
GENERAL FEATURES 

The igneous rocks of the Henry Mountains are wholly 
intrusive and include diorite porphyry, monzonibe 
porphyiy, aplite, and basalt. By volume they aggregate 
about 16 cu mi (p. 144). 

About 95 percent of the intrusive rock is diorite 
porphyry consisting of oligoclase, hornblende, and 
magnetite phenocrysts in an exceedingly fine grained 
groundmass. Within any one intrusion the texture is 
uniform, but the texture differs from one intrusion to 
another. Tn some, the phenocrysts are large, in others 
they are small, and the proportion of phenocrysts to 
groundmass likewise varies from one intrusion to 
another. The difference in texture between intrusions 
is due probably to conditions within the magma 
because the texture seems to be independent of the size 
or shape of an intrusion and of the lithology or structure 
of the host rocks. Some of the intrusions are stained 
red with iron oxide, others are dark with desert varnish, 
still others weather to light colors. In some intrusions 
the feldspar phenocrysts weather more rapidly than the 
hornblende phenocrysts and groundm^ass, in others the 
hornblende weathers most rapidty^ in still others the 
phenocrysts become exhumed crystals by weathering 
of the groundmass. I was unable to relate these 
differences to texture, structure, or physiographic 
location. 

Most of the remaining 5 percent of the igneous rock 
in the mountains is monzonite porphyiy. This rock is 
restricted to Mount Pennell where it forms the same 
type of hitrusions as the diorite porphyry. The 
phenocr7ysts are like those in the diorite porphyry but 
floating v/ith them are huge crystals of soda orthoclase 
and sm^all cr^rstals of aegirine-augite. The groundmass 
contains considerable potassic feldspar. 

Alteration of the porphyries is usually slight even in 
the shatter zone adjoining the stock (fig. 79B). Minor 
quantities of epidote, calcite, chlorite, and sericite 
replace the primary minerals, especially the horn- 
blende, and occur in veinlets and irregular nests in the 
porphyries. 

Aplite and basalt occur in smaller quantities. The 
aphte, consisting mostly of micro crystalline orthoclase 
and quartz, forms very narrow dikes intrusive into the 
diorite and monzonite porph7yT:-ies on Mount Pennell 
and may be present on the other mountains too. The 
few thin basaltic sills and small irregular basaltic in- 
trusions are associated with the diorite porphyry in the 
shatter zone around the Mount Ellen stock. 

Lineation of phenocrysts is rarely distinct in the 
diorite porphyry except immediately adjacent to 
contacts where the phenocrysts have been sheared i 



(fig. 821/). Probably the now structure is obscure 
because the feldspar phenocrysts are so nearly equidi- 
mensional and so large that the small hornblende 
crystals tend to be concentricall}^ disposed around the 
feldspar. Phenocrysts in the monzonite porphyry 
are distinctly lineated. 

Inclusions are abundant and the vast majority are 
amphibolite composed of the same hornblende and 
plagioclase that occur in the surrounding porphyry. 

As shown in the following table of analyses the two 
porphyries, in common with most other intrusions 
in the Colorado Plateaus, contain more than average 
soda and alumina. 

DIORITE PORPHYRY 

A typical specimen of the diorite porphyry consists 
of the foUov/ing: 

Percent 
Phenocrysts (50 per- Groundmass (50 percent): 

cent): mostly quartz, orthoclase, 

Ohgoclase 30 and albite or oligoclase. 

Hornblende 15 

Magnetite <5 

Apatite and titan- 

ite <1 

The rock is light gray, and uniformly speckled with 
abundant large white phenocrysts of feldspar and small 
inconspicuous dark phenocrysts of hornblende (fig. 80) . 
Most of the plagioclase phenocrysts are between 2 and 
6 millimeters in diameter. They are noticeably 
smaller in the one-inch selvage at the contacts but 
phenocrysts a few inches from the contacts are as 
large as in the interior of the intrusions. A fev/ of the 
diorite porphyry laccoliths contain small quantities of 
biotite. 

The lack of large phenocrysts in the contact zone is 
due, in part at least, to shearing along the contact zone 
after the magma was largely crystallized. Locally the 
sheared rock resembles a cataclastic gneiss, having 
individual crystals dragged out in thin wavy streaks 
(fig. 82D). All stages of deformation of the individual 
crystals can be found, the larger ones remaining as 
augen. It is evident that the shearing occurred after 
the rnagma at the edge of the intrusions was crystallized. 
On the other hand, the presence of some moderate- 
sized phenocrysts in contact v/ith the country rock 
seems to indicate that the phenocr^rsts were being 
formed or were already largely formed by the time the 
magma reached the laccolithic chamber. 

Composition zones of the plagioclase phenociysts 
range from about Auso to about An25. A phenocryst 
from a sill at the base of the Shinarump conglomerate 
on Mount Ellsworth, 1 mile south-southwest of Four- 
mile Spring, was analyzed by F. L. Schmehl in the 
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FjGiTKE T^.—yl, ToUshcd srjccimcn of a hornhlendic Irtdusion In dioritc porphjTy; spMrlincn from peak of Mount £Ik>n. Both tb(^ gneissic texture and veins in the inclusions 
are truncated hy the enclosing porphyry, B, Polished specimen of mixed sedimentary and igneous matt^ial from the shatter zone bj' the Mount Elien stock on the 
west side of Barton Peak. 
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Table 7. — Analyses of igneous rocks in the Henry Mountains, Utah 
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62.50 
17,75 
2.38 
L77 
.84 
4.34 
5,66 
2.75 
1.54 
.30 


62. 59 

18.35 
2. 05 
1.63 
1,08 
5.99 
4.64 
1.83 
L12 
,33 


03. 58 
17.61 
2.36 
3,40 
1.43 
5.31 
5. 05 
1,85 
,74 
.42 


66.06 

17.29 

2.22 

1.09 

.51 

3.94 

5,30 

2.02 

1.26 

.35 


62.44 
IS. 04 
3.23 

1,93 
1.23 
5,90 
4.48 
1.68 
.50 
.47 


63,16 

17-21 
2.43 
2. .30 
1.27 
6.27 
4.70 
L84 
0.69 
0.21 


60.26 

19. Gl 

.76 

3.37 

1.77 

5.77 

4.27 

2.22 

L14 

.49 


62.49 

19.54 
L28 
1,98 
L12 
5, 10 
4.49 
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6.31 
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1.71 

1.50 

.80 
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.45 
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63.57 
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2.00 
1.17 
3.78 
5.30 
1.63 
1.22 
.40 


59.25 
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3.97 
2.15 
1.5S 
6.05 
4,04 
2,59 
1.00 
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17,13 
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6,39 
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17.91 

1.41 
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62.50 
10.14 
1,22 
2.38 
1.17 
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5,24 
2.30 
.53 
,20 
.OS 


60.04 
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1. Diorltc porphyry from the Mount Ellen stock at the Brora Me mfne. R. E. Stevens, analyst. 

2. Quartz dlorite from tho Monnt Ellen stock, LOOO feet south of Bronild& mine. R. E, Stcwns^ aruilyst, 

3. Dlorltc porph yr>^ from the South Creek laccolith. E , E . Stevens, analyst. 

4. Diorite prophjTy from the roof of the Table Mountain by smalith. R, E . Stevens, analyst. 

5. Diorite porphyry from the (ntcrlor of Table Mountain bysmalith. R. E. StevcnSj analyst. 

6. Diorite porphyry, exart locality not known. R. B. Rigps, analyst. Reference: J. S, DUler, U.S. Ocol. 
Survey Bull. 148, p. 183, 1897. 

7. Diorite porphyry, (ntrudcd by N'o. 16; forms sill at same locality as No. 16* .T. .T. Fahcy, analyst, 

8. Diorite porphyry, part of Mount Pennell stock at same locality as No. 17; intruded by No. 17. J. J. 
Fahey, anali'st. 

9. Irregular laccolith southwest of Trail Creek, SE ^NW54 sec. 36, T. 33 S., R. 11 E, SixidTnen from Bear 
roof of intrusion. J, G, Falrchild, analyst. 

10. Irrc^lar dike In the shattered zone east of Mount Hillers stock, EI^NWjri sec. 2, T. 34 S.. R. 11 E. 
(proj.) T, 0. Fairchlld, analyst, 

11. North edf?e of Black Mesa bysniolltb, oonter NE^ ser. 20, T..33 S., E. 12 E. J. O. Falrchild, aiialyst, 

12. Mount Hillors, exact locality not known. W. F. Hillebrand, analyst. Reference; W. Cross, IT. S. 
Geol. Survey 14th Ann. Rept., pt. 2, p. 227, 1894, 



13. Biorite porphyij, sill at top of Wlngate san<l5tonG to creefc west of Theater Canyon, 1 mile northeast 
of FouTEnile Sprlap, Mount Holmes, H enry Mountains. R, E . Stevens, analyst, 

14. Diorite porphyr>', Mount Ellsworth stock, 500 feet south of peak of Mount EllsK\'orth, Henry Moun- 
tains. R. E. Stevens, analy.st. „ ,_ 

15. Dforit« porphyry, Mount Ellsworth stock, saddle north of the peak of Mount Ellsworth, Henry Moun* 
tains. R.E.Stevens, analyst. 

16. Monzonite porphyn-. Intrudes No. 7. Forms sill on dlvifle south of Deer Canyon SE>(BW^ sec. 
4,T.33S.,R.10E. J.. T. Fahcy. analyst, , *_ 

17. Monzonite porphyry', intrudes No, 8. Forms irregular masses within the Mount rennell stock 
NEHN WH SGC. n, T. 33 S„ R. 10 E . J. J. Fahey , amilyst. 

18. Mount Peimell, exact locality not knoT^-n. W. F. Hillebrand, analyst, Reference: W, Cross, U.S. Geol. 
Survey 14th Ann, Rrpt.,p. 227, 1894, 

19. Basalt siH near base of Mancoa shale, south side of Butler Wash, >S mile north-north west of Eaple, on, 
Mount Kilen, Contains visiblle calotte, F. L. Schmehl, analyst. 

20. AmphlboUte inclusion; saddle SDUth of peak of Mount E lien. F. L. Schmchlj analyst. 
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chemical laboratory of the Geological Survey and 
found to contain the following: CaO, 6.80 percent; 
Na^O, 7,12 percent ; and K^O, 0.88 percent. Although the 
crystal faces on the phenocrysts are preserved, most 
of the corners are rounded and a few crystals are em- 
bayed by groundmass. Parts of the phenocrysts are 
replaced by sericite and ver^^ fine grained feldspatliic 
material whose composition appears to be very nearly 
the same as that of the groundma&s. The replacement 
is concentrated along fracture Imes, cleavage lines, and 
composition zones of the phenocrysts (fig. SO A, B) and 
seems to have occurred during the late stages of crystalli- 
zation of tlie magma as a result of reaction between the 
phenocrysts and residual Hquid around them (p, 150). 

The hornblende is common hornblende and usually 
has good crystal outline. Most of these phenocrysts 
are about 3 mxn long but ciystals 0,01 mm long are 
found in the groundmass of some intrusions. Much 
of the hornblende is altered to magnetite, epidote, 
chlorite^ and calcite. 

Magnetite occui-s as well-formed or irregularly 
shaped phenocrysts, as tiny flecks in the groundmass, 
and as one of the nMnerals that has replaced hornblende- 
Apatite antl titanite are generally present but are„ 
irregularly distributed and rarely comprise as mudi as 
one percent of the rock. Apatite is more abundant 
than titanite. 

Crystals in the groundmass of the diorite poi- 
phyry are generally less than 0,01 mm in diameter and 
only a few individual crystals can be determined. 
Quartz, albite, oligoclase, and orthoclase (or soda- 
orthoclase) were identified in various slides, but the 
proportion of these minerals is not knov,Ti. A few 
intrusions contain microlites of plagioclase in the 
groundmass. Tiny specks of magnetite are common; 
the ferromag-nesian minerals less so, 

Hornblendic inclusions are abundant in the diorite 
porphyry (figs. 80C, 79^), especially in some of the 
Mount Ellen laccoliths. They are described on page 1 60. 

At the north end of the Wickiup Ridge laccolith 
large phenocrysts of common hoiiiblende, as mucrh 
as an inch long, occur as individual crystals, as crosses, 
and as rosettes (fig. SI A). They are irregidarly 
distributed but must comprise several percent of the 
rock. A small number of augite phenocrysts also are 
present. Other parts of the laccohth contain augite 
and quartz but lack the large hornblende phenocrysts. 

Well-rounded quartz crystals (fig. SlB) are moder- 
ately abundant in some intrusions. In the zone of 
shattered rocks some of the quartz is bipyiamidal. 
The southeast part of the Mount Ellen stock contains 
as much as 10 percent of quartz and the rock is referred 
to as quartz diorite porphyry. Small masses of it also 
occur in the shattered zone. The phenocrysts in this 






FiGFRE SU—A^ Bosettes of hornblende crystals in (iiorite porphyry at the north end 
of the Wickiup ia«!oU t}\, ff, Rounded quar t z gra in hidiorite poriJliyr y . Sfee tehed 
from photomicrograpli, 

rock are like those in the diorite porphyry but the 
groundmass crystals are about 0.1 nun in diameter 
and consist of about one-third quartz and two-thirds 
sodic plagioclase. Chemically this rock is like the 
diorite porphyry (p. 154), so the conspicuous presence 
of quartz is probably due merely to the fact that the 
groundmass is coarse. 

The relative age of the diorite and the quartz dio- 
rite porphyries is not known. Inclusions of quartz 
diorite porphyry are contained in the nearby intrusions 
of diorite porphyry, but locally in the shattered zone, 
especially northwest of the stock, the quartz diorite 
porphyry is intrusive into diorite porphyry. 

MONZONITE PORPHYBY 

Ad^onzonite porphyry, intrusive into tlie diorite 
porphyry (pi. 82 C), forms the central core of the 
Mount Pennell stock and some of the surrounding 
dikes and concordant intrusions. The rock contains 
large plagioclase and honihlende phenocrysts, usually 
distinctly hneated (fig. 80Z)), and altered in the same 
way as those in tlie diorite porph3?Ty. Crystals of 
pink soda orthoclase as much as 100 mm in length are 
abundant locally. Most of the monzonite porphyry 
intrusions contain pyroxene as well as hornblende 
and several contain only the pyroxene, probably 
aegirine-augite as suggested by Osann (1913, pp. 
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57-58). Free quartz was not ol)servpd in (lie monMonif o 
porphyry but magnotite, apatite, and titanito are 
present as in the diorite porpliyry. 

The ^roundmass is light gray aiul consists mostly of 
exceedingly fine-grainetl sodic plagioclase and ortho- 
clase. Rricrolites of oligorlase are abundant and there 
are minor quantities of green pyroxene needles. Pre- 
suniably ihe potasHi<j feldspar is more abundant in the 
groundmass of the monzonite than of the diorite por- 
phyry. 

Analyses of the monzonite porphyry show slightly 
less silica and more alumina and potash than the diorite 
porphyry (p. 164), but it is practically impossible to oh- 
taiix a significiuit analysis of a i^ock cx:)ntaining crystals 
as large as the soda-orthoclase crystals, so the analyses 
presented are exclusive of them. A separate j>artial 
ajialysis of the feldspar is given below. Biotite occurs 
in considerable quantity (2 to 3 percent) only at The 
Horn la<Tolith. The minerals associated with the bio- 
tite are the same as m the more typical monzonite 
porphyry. 

Ilornblendic inchisions in the monzonite porphyry are 
moderately abundant but are inore feldspathic and less 
coarsely crystalline than those in the diorite porpl)yry. 
They seem to he more abundant in the monzonite 
porphyry than in the adjacent intrusions of diorite 
porphyiy on Mount Peimelh 

The large soda-orthoclase crystals are nsuaUy 20 to 30 
millimet el's long and some are more than 100 niilHmeters 
long. They have a pinkish cast and some have a white 
outer shell, about 1 millimeter %vide, that has al)Out the 
same index of refraction as the rest of the crystaL The 
approximate indices of refraction are alpha, 1.525, and 
gamma, 1.53. In some crystals gamma is greater, in 
others slightly less than 1,53. A few minute dark 
netnlles are contained in some of the big crystals but 
other kinds of inclusions were not observed. A partial 
analysis (R. E. Stevens, U, S. Geological Survey, 
analyst) of an aggregate of several of the crystals 
showed the following: 

Percent Perctnt 

SiOa-^--. ,-.-....---„. 63.57 K^O „ 10.02 

AJsOa-.,^---^ ----- 20.11 — — 

CaO - _. 2.37 00.89 

Na«0 3. 82 

These crystals are well formed although the corners 
are roimded to about the same degree as the plagioclase 
phenociTsts. Within about one centimeter of the 



large ciystals smaller plienocrysts are (*oncentrically 
aiTanged although not congested- The big crystals 
malte up only a very small part of the ]nonzonite por- 
pliyr>^ and appear to be distributed inegularly through 
it. None was fomid near contacts but it cannot be 
positively stated that they are restricted to the interior 
of the intrusions. 

The fact that these crystals are so nearly euhedral 
while being completely free of any foreign matrix pre- 
cludes their being xenoliths derived from previously 
consolidated rocks, rurtliermore, Ihe absence of shaip 
compositional breaks in the /.oning of the plagioclase 
phenociysts implies httle or no mixing of different 
magmas. It is concluded that the soda orthoclase 
crystalhzed from the magma represented hy the monzo- 
nite pojT^hyry. Their place bi the crystallization his- 
tory of the rock, however, is uncertain. The excellent 
crystal form, concentric flovv^ structiue in the ground- 
mass around the crj^stals, absence of inclusions of other 
phenocrysts%\ithiu the big crystals, or congestion of other 
phenocrysts around them suggest that tlie soda ortho- 
clase ciystallized early and was floati^d in the magma 
with the other phenociysts. On the other hand their 
close relation chemically to the ground mass and gen- 
eral, if not absolute, absence near ex)n tacts imply that 
the large crystals were formed after the other pheno- 
crysts. 

APUTE 

Light -gray dense aplite dikes, less than a foot wade 
and generally only an inch wide, intrude the monzonite 
porphyry' in the Mount Pennell stock. The aplite is 
a granular aggregate of anhedral microcrystalline 
quartz and orthoclase and minor quantities of aegirine- 
aiigite, magnetite, and titanite. 

BASALT 

Basalt occurs as irregular masses withm the zone of 
shattered rocks and as very thin sills around the shat- 
tered zone on Mount Ellen. The rock is a dark por- 
phyry with structure closely r(^s(^mbling the other rocks 
although the phenocrysts do not, show in the hand 
specimen, As^ brought out in the analyses (p. 154) the 
silica content is low. 

The original minerals of the basalt are cx)nsiderably 
altered to epidote, chlorite, and calcite. The largest 
phenocrysts are ferromagnesian minerals, most of 
which appear to have been ho iii blende. The plagio- 



EXPLANATION OF FiGlJRE 80 

A» ThiD section of diorite porphyry from nortl! edge of Bkck Mesa, IVf ount UiJIrrs. FUit^graiTied feldspar and serlclte has rcplaoed parts of the feldspar phenocrysts, in pan 
along eomiwsltion Kfincs, In part along tran^erse fiSxSiires, and in i>ai"t in Irrciiuloraroas, B, Thin section of diorite porphjTy from the Mount PenncH stock on the ridge 
ncjtl north of Corral Kidge. Ftnr-graitied feldspar has replaced parts of the fold^spar phenocrj^ts. The vein is albltt;. The darlc miiierala arc mostly hornblende; some 
smuU nncs are magnetite. C, Thin section of diorite porphjTy, from sill beneath the Coijper iUdge laccolith. The lower part of the section Ls a hornblendic inclusion cob- 
tflinlne the same plafiloclaso and hornblende as the diorite porphyry. />, Thin section of nioniorUte porphyry from Bulldog Ridge. Plow Hne^ commonly are more dis- 
tinct In the monionlte porpiijTy than in the diorite porphjTy. Aeglriiio-auMlto In the upper icll corner. In the lowtr right Is an inclusion of bornblendR and feldspar 
that also contains aefilrtne-auglte. The feldspar alteration ts similar to that In the diorite porphyry. 




FmvRE 82,~-4 , Thin section of monzonltc porphyry from sill by Deer Creok, south of Pine Spring, Moani Penncll. Tba large dark phenocry sts are homblende . The remains of a basal Bectbn of aBgirtne-angtte can be 
seen in the left center. The upper part of the section is a fino-gratned homblendic inclusion. B, Thin section of dlorlte porphyry from BuUdog Ridge. Feldspar phenocrjrsts have boon roplaced by fine grain 
feldspar along transverse fissures. Embayed quartz crystal in lower right. C, Polished sppcimen showing contact where monKonlte porphyry (right) has been intruded into diortte porphyry. Specimen Is from 
the contact of the two minor hitrusJons three-quarters of a mllo south of Pine Spring. B, Polished specimen of dlorite porphyry from roef contact on the Pistol Rldgo laccolith. The edge of the scale marlcs the contact. 
The phenocrysts are crushed, rotated, and dragged linearly in a zcmfs about 1 in. wide at the contact. Twg Inches from the contact the porphyry has the same texture and structure as in the center of the laccolith. 
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clase^ about Anoo, occurs as small phenocrysts and 
microlites. There are a few rounded grains of quartz 
and numerous quartz clusters. Most of the ground- 
mass is altered to a green chloritic material but the 
unaltered groundmass has an index of refraction above 
that of balsam. 

The age of the basalt relative to the diorite porphyry 
is not known because the two rocks were not found in 
contact except near the stock where shattering has 
obscured intrusive relations. 

ALTERATION OF PLAGIOCLASE PHENOCRYSTS 

Most of the plagioclase phenocrysts have rounded 
corners, but a few are embayed like the individual 




FiGTTRE 83.—^, Embayed plagioclase phenocryst with narrow zonal and fissure lines 
of fine-grained replacement feldspar. Sketch from photomicrograph, B, A 
plagioclase phenocryst with fine-grained replacement feldspar along part of a com. 
position zone. Sketched from a photomicrograph. 

shown in figure 83^. Nevertheless part of the interior 
of most of these phenocrysts is replaced by exceedingly 
fine grained f eldspathic material that has a composition 
and texture resembling the feldspathic part of the 
groundmass. Generally more or less sericite is present 
also. 

The replacement occurs in narrow linear belts along 
cleavage cracks or irregular fractures, in irregular 
areas, or along composition zones within the pheno- 
crysts. In general the interior com^position zones of 
the phenociysts are more replaced than the marginal 
zones, but very commonly the core is intact and a 
zone between the calcic core and sodic border is partly 
or completely replaced. More often than not a given 
composition zone in any one ciystal is uniformly altered 
but composition zones may be altered in one part of a 



phenocryst and remain fresh and unaltered in other 
parts of the same crystal (fig. 83jB). 

Irregular remnants of the original plagioclase crystal 
commonly are preserved in the felty matrix of replace- 
ment feldspar (fig. SO A, B), The proportion of rem- 
nants varies, so that all gradations may be seen be- 
tween phenocrysts having narrow, linearly replaced 
areas, phenocrysts having wider and intersecting 
linearly replaced areas, phenocrysts having only small 
remnants of the original crystal in wide replaced areas, 
and phenocrysts that are wholly replaced. 

The replacing feldspathic material commonly is 
uniformly optically oriented so where replacement has 
been complete one may see nothing but groundmass 
texture in plane-polarized light but the crystal outline 
of the relic phenocryst is conspicuous under crossed 
nicols because of the optical unity of the replacing 
feldspar. Partial alteration is more conspicuous be- 
cause the unaltered plagioclase has a much higher index 
of refraction than the replacing feldspar. The index 
of refraction of riiost of the replacement feldspar is 
greater than 1.52 and less than balsam, and appears 
to be largely sodic plagioclase and orthoclase. 

The condition that produced the replacement must 
have been practically universal throughout the magma 
because every thin section examined showed some 
replacement. On the other hand, fresh unaltered 
phenocrysts and phenociysts that have been largely 
replaced occur side by side, so the replacement is ir- 
regularly distributed and does not seem to correlate 
with position within an intrusion. 

Similar replacement of phenocrysts in the Buckskin 
Gulch stock, Colorado, has been described by Singe- 
wald (1932, pp. 59-60), who attributed it to deuteric 
action. Evidently the replacement occurred late in 
the igneous history of the Henry Mountains intrusions 
also, because: In m.any crystals the replacement 
extends transversely across all the composition zones 
of the plagioclase (fig. 825), and every crystal illus- 
trates this to at least a small degree. Each composi- 
tion zone that has been replaced is connected by 
transverse veinlets with other composition zones 
that have been replaced, and with the surrounding 
groundmass (fig. 80^). The rounded corners of most 
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phenociysts and the embayment of a few indicate 
that there was some reaction between the phenocrysts 
and the surrounding melt (fig. 83^). Flow structure 
in the groundmass locally is parallel to replacement 
veinlets in the plagioclase phenocrysts as if the pheno- 
crysts had been sheared and then replaced along the 
shear planes (fig. 84) . 




Figure 84.— Sketch cf thin section illustrating local parallelism between flow lines in 
the groundmass (indicated by microlites of feldspar) and fissures of fine-grained 
feldspar in the phenocrysts. Natural scale. 

On the other hand the alteration is earlier than the 
albite veins which cross both the groundmass and the 
phenocrysts (fig. 805). 

The nests of calcite and epidote that occur so com- 
monly through the rocks may be due partly to the 
release of lime by the alteration of the plagioclase. 

INCLUSIONS 

Inclusions representing a large variety of rock types 
are common in the intrusions of the Hemy Mountains. 
Xenoliths derived from the sedim.entary formations in 
and under the structural basin curiously are scarce, 
even along uTegular contacts, and xenoliths of granite, 
gneiss, and mica schist are even scarcer. The vast 
majority of the inclusions are composed of hornblende 
and smaller amounts of andesine-oligoclase like the 
principal minerals of the enclosing porphyiy (fig. 79^). 
These hornblendic inclusions are a conspicuous feature 
of the intrusions. Their principal features may be 
summarized as follows: 

1. On each of the mountains 95 percent or more of the inclu- 
sions are the hornblendic type. 

2. The proportion of hornblende to plagioclase varies. Com- 
monly there is 90 percent or more hornblende and rarely is there 



less than 50 percent of hornblende. On Mount Pennell the 
inclusions are more feldspathic than on Mount Ellen. 

3. The texture may be fine-grained or the hornblende crystals 
may be an inch long. Few of the feldspar crystals are as large 
as the hornblende. Coarsely crystalline inclusions are more 
common on Mount Ellen than on the other mountains. 

4. On Mount Ellen the structure of m'ost of the inclusions is 
massive rather than banded, but on Mount Pennell the reverse 
is true. The banding is due in part to the parallelism of indi- 
vidual minerals and in part to the separation of plagioclase and 
hornblende into different bands. 

5. The inclusions are estimated to comprise one or two per- 
cent of the Mount Ellen intrusions and of the monzonite por- 
phyry on Mount Pennell, but the inclusions comprise a much 
smaller part of the diorite porphyry on Mount Pennell and on 
Mounts Hillers, Holmes, and Ellsworth. Within any one intru- 
sion the inclusions seem rather uniformly distributed, but the 
proportion varies in different intrusions. Some intrusions are 
nearly free of inclusions while others contain a few percent. If 
the inclusions comprise one percent of the Henry Mountains 
intrusives their volume must aggregate about 0.15 cu. mi. 

6. On Mount Ellen most of the inclusions have sharp bound- 
aries with the porphyry but some have gradational boundaries. 
On Mount Pennell most of the inclusions have gradational 
boundaries. 

7. The gncissic structure of the inclusions and the veins that 
cut across this structure are truncated by the enclosing porphyry. 

8. Many of the inclusions contain garnet; rarely they contain 
biotite. Biotite occurs in many hornblendic inclusions on The 
Horn laccolith (Mount Pennell) and this is the only intrusion 
containing much biotite. On the north slope of Mount Ells- 
worth about 2 percent of the inclusions contain biotite. 

9. The garnet in gneissic inclusions commonly is in bands 
conforming to the fabric of the inclusion. 

10. Quartz inclusions are uncommon and invariably vv^ell- 
rounded. 

11. On Mount Ellen more than, half of the inclusions have 
angular shapes, the rest are rounded, but on Mount Pennell 
most of the inclusions are rounded. 

12. The inclusions range from the size of phenocrysts to more 
than a foot in diameter. 

13. Rarely inclusions may be found within an inclusion. 

14. Rarely there are sharp angular unconformities of the 
fabric within an inclusion. 

15. P».arcly there is a light-colored rim, resembling a reaction 
rim, a millimeter or two wide around an inclusion. 

16. There is no apparent relation between form of intrusion 
and occurrence of inclusions. 

The following is a statistical study of 200 inclusions 
picked up at random in the float in Gold Creek on 
Mount Killers. 
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Table 8. — Statistical study of inclusions in float in Gold Creek, Mount Hitlers 
By E. IngerS9n and E. F. Osborn 
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1.0 X 1.5 
1.5 X 2.0 
0. 5 X 2. 

0.4 
0. 3 X 0. 5 
0.5 X 1.2 
0. 6x1.0 

1.0 

1.4 X 1.6 
2. 7 X 3. 

0.3 X 0.4 

0.4 X 0.6 

0. 6 X 0. 7 

0.5 

1.0 X 1.3 

0. 5 X 0. 7 

0.8 X 1.0 

0.7 

0.7 

1.0 X 2.0 

0. 8 X 0. 9 
0. 3 X 0. 9 
1.2 X 2.0 
0.5 X 1.3 
1.0 X 1.6 
0. 8x1.0 
0.7 
0. 3 X 0. 6 
1.0 x 1.2 

2.5 X 3.8 

0.5 x 1.5 

0. 9 X 1. 3 

1.0 
0.4 

1. X 2. 
0.6 X 1.0 

0.6 
1.0 X 1.5 
0. 4 X 0. 6 
0.5 X LO 
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0.8 X L5 
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0.5 X 1.4 
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0.7 
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0.5 
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LO X 1.8 
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0.6 
0.8 X 1.3 
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5 
5 

5 

5 
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5 
5 
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10 
10 
10 
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10 
10 
10 
10 
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10 
10 

10 
10 

10 
10 
10 
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15 
15 
15 
15 
15 

15 

""io" 

10 
10 
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20 
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See footnotes at end of table. 
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Table 8. — ■Statistical study of inclusions 


in float in Gold Creek, 


Mount Htllers- 


—Continued 






Mineral composition 
(percent) * 


Size 


Shape 


Grain 

size 


Texture 


Porphyry 
matrix 


Contact 


1 

o 


i 


1 


1 


1 

"ft 


.a 

S 


1=1 
< 


1 


i 


B 

y 

d 


s 
a 

6 

o 


p 


1 


i 


1^ 

LLOJU 


II 

II 

m. 

1.1 




1 

03 

1 


1 




80 


80 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 
80 
80 

80 

75 
75 
75 
75 
70 
70 

70 

70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 

70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 
65 
65 

65 

65 
65 
65 
60 
60 
60 
60 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 

20 
15 
25 
25 
10 
15 

10 

20 
10 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
30 
20 
15 

35 

35 
35 
35 
25 
30 
30 
30 
30 
30 
40 






1.3 X 1.5 

0. 2 X 0. 7 
2. 7 X 3. 5 
1.0 X 1.5 
1.2 X 1.8 
1.0 X 1.8 
0. 6 x 1.0 
0. 5 X 0. 7 
0. 7 X 1. 

0. 7 s 1. 

1.0 

0.2 X 0.8 
0.5 X 1.0 
1.0 X 1.3 
2. 5 X 5. 

2. X 2. 
1.0 X 3.0 
0.3 X 1.0 
6.8 X 10.0 
0.4 
2. 5 X 4. 5 

1.0 X 1.3 

0.5 X 0.8 

1.2 X 1.7 
0.5 X 1.0 

0.5 

1. 5 X 3. 

1.0 

0. 6 X 1. 

0.7 

0.4 

3.0 X 9.0 
0. 4 X 0. 6 
0.5 X 1.0 
0.5 X 1.0 

0. 4 X 0. 6 

1. 2 X 2. 

1.3 X 1.5 
0.7 X 1.2 
0. 7x1.0 

1.6 

0.9 
0.5 X 1.2 
0. 6 X 2. 2 

0. 5 X 1. 2 
0.5 X 1.0 

1. 7 X 2. 

2. 5 X 3. 3 

0.8 
2. X 2. 

0.5 

1.0 X 1.5 
0. 6 X 0. 7 
2. X 3. 3 
0. 5 X 0. 9 
0.3 X 1.4 
0.6 X 1.0 
1.0 X 1.5 
0. 4 X 0. 6 
1.5 
3. X 5. 

0.4 

0.6 

1.0 X 1.5 

0.6 

1.5 

0. 6x1.0 

0. 4 X 0. 6 

1.0 X 3.5 

0- 6 X 0, 8 

0. 7 X 2. 


X 

X 
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X 






X 

X 
X 
X 
X 
X 
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See footnotes at end of table. 



PETROGRAPHY OF THE IGNEOUS ROCKS 
Table 8. — Statistical study of inclusions in float in Gold Crt^ek, Mount Hillers — Continued 



163 





Mineral composition 
(percent)* 


Size 


Shape 


Grain 
size 


Texture 


Porphyry 
matrix 


Contact 
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1 
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60 
60 
60 
60 
60 

60 
60 
60 

60 
60 

60 
60 
60 
55 
55 
55 
55 
55 
55 
55 

55 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
40 
40 
40 
40 
40 
40 

35 
30 
20 
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40 
40 
40 
40 
40 

40 
40 
40 

40 
40 

40 
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45 
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50 
50 

50 
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2.0 X 3.0 
0.8 X 1.7 
0.8 X 1.1 
1. 8 X 5. 
0.8 

0.5 X 1.1 

1. X 2. 

1.5 

1.0 X 3.0 
2. X 3. 

1.3 X 2.0 
3. 8 X 4. 4 
1.6 X 4.0 

0. 6 X 1. 3 

1. 2 X 3. 
1.5 X 2.5 
0. 8 X 2. 2 
0. 5 X 1. 
2. X 3. 
1.0 X 1.5 

1.2 

0.5 
0. 5 X 0. 9 

1.0 
0. 4 X 0. 6 
0.5 X 1.0 
1. X 2. 3 
0. 9 X 1. 5 

0.5 
1.0 X 0.5 

1=5 X 3=0 
0.8 X 1.2 
0. 7 X 2. 
0. 8 X 1. 6 
1.0 X 1.8 
0.9 X 3.5 X 4.5 
1.0 X 1.5 

0. 7 X 2. 5 

1. 8 X 3. 3 
1. 5 X 4. 

1. X 2. 
0.5 

0. 5 X 0. 8 
1.0 X 1.7 

1. 5 X 2. 5 

2. X 3. 

2. X 3. 5 

0. 7 X 1. 

1. X 1. 4 

3. 5 X 5. 
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X 
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X 
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X 
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20 
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X 
X 
X 
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72 
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X 
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X 

22 
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4 






122 


73 
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59 


119 
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21 distinct. 
37 slight. 
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Average hornblende content of Nos. 1-194 is about 75 percent. 

Average diameter of all inclusions is 1.5 cm. 

*Only significant quantities of garnet are indicated. Many inclusions contain a trace. 
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Ninety-seven percent of the inclusions are hornblendic 
and in tuern the hornblende content ranges from 20 to 
100 percent. However, 88 percent have more than 50 
percent hornblende and the average hornblende content 
is about 75 percent. There seems to be no correlation 
between the mineral composition of the inclusions 
and the dimensions or grain size. The proportion of 
angidar inclusions is increased slightly with increased 
proportion of hornblende. 

Gneissic texture is most common in the inclusions 
containing less than the average amount (75 percent) 
of hornblende. Only about 3 percent of the inclusions 
with 75 percent or more hornblende are gneissic whereas 
about 25 percent of the less hornblendic types are 
gneissic. 

Three important differences between the inclusions 
in the Henry Mountains and those described in the 
Sienna Nevada (Pabst, 1928) are: The inclusions in the 
Henry Mountains do not show a flow structure that 
conforms to that of the enclosing rock; the inclusions 
appear to have been fully crystaUine and are not flat- 
tened, oriented, or otherwise plastically deformed; and 
whereas the inclusions in the Sierra Nevada are finer 
grained than the enclosing granite, the inclusions in the 
Hemy Mountains may have larger or smaller crystals 
than the phenocrysts in the enclosing porphyry. 

ORIGIN OF THE INCLUSIONS 

Those inclusions that are xenoliths derived from, the 
sedimentary rocks of the Henry Mountains strnctural 
basin offer no difficult problem. They are metamor- 
phosed only to the extent of being indurated and conse- 
quently one can even identify the formation from which 
many of them were derived. A few other inclusions 
include such rocks as mica schist, granite, and granite 
gneiss and are also obviously xenoliths derived from the 
pre-Cambrian crystalline basement. One cannot be sure 
to what degree the magma has altered them but in view 
of the lack of alteration of xenoliths from the sedimen- 
tary series it is not at all strange that fragm.ents of the 
crystalline basement should be similarly caught and 
little altered. 

These obvious xenoliths comprise only 5 percent or 
less of the total number of inclusions but none shows any 
sign of development of hornblende and plagioclase 
around the margin. There is no gradation between 
these types and the hornblendic inclusions. 

It is improbable either that 95 percent of the crust 
traversed by the magma has the mineral composition 
represented by the hornblendic inclusions or that the 
m^agnia selectively plucked one-sixth of a cubic mile of 
rock fragments from only the hornblendic wall rock. 
The inclusions may be segregations of basic constituents 
that formed either in the pipes, the laccolithic chambers, 



or in the magma reservoir. They may be fragments of 
the wall rocks that had diverse original composition but 
reacted with the magma to produce minerals in equilib- 
rium with the magma. Or, they may be rock fragments 
derived from favorably located early intrusive differ= 
entiates of the magma or from marginal unfused parts 
of the substratum from which the magma was derived. 
Close equilibrium seems to have existed between the 
inclusions and magma because the biotite-bearing Horn 
laccolith on Mount Pennell is the only intrusion in which 
many of the inclusions contain biotite, and the aegirine- 
augite-bearing intrusions on the same mountain are the 
only ones in which inclusions contain aegirine-augite. 
Also, the greater percentage of feldspar in the inclusions 
on Mount rennell coincides with the occurrence there 
of the most feldspathic rocks in the Henry Mountains. 
Isolated individual phenocrysts of the porphyry are 
not sharply distinguishable from aggregates of the same 
minerals that form the inclusions. The gradation is 
complete enough so that even in some hand specimens 
it is impossible to distinguish between small inclusions 
and large or crowded phenocrysts. This strongly sug- 
gests that the inclusions are segregations but if so 
the process must have occurred at great depth because 
at shallow levels the phenocrysts had already largely 
formed and the high viscosity and low temperature of 
the magma were not conducive to differentiation and 
crystal segregation. Moreover, the common gneissic 
texture, truncation of veins by enclosing porphyry, and 
occurrence of garnet in the inclusions strongly suggest 
that the inclusions represent detached fragments of 
previously consolidated rock rather than segregations 
of crystals within the magma. 

The minerals of a rock fragment floating in a magma 
for sufficient time must either be absorbed by the 
magma or recrystallized to minerals that are in equilib- 
rium with it. The present minerals of the hornblendic 
inclusions^ therefore, may be the result of reaction 
between the magma and rock fragmients of diverse 
original composition, a process described by Bovfcn 
(1922). But, if the inclusions are the result of reaction 
why then did 95 percent of them react perfectly and 
completely while the other 5 percent remained inert? 
Reaction was as complete at the center as at the edge 
of the hornblendic inclusions and yet never started at 
the edge of the obvious xenoliths. 

It seems necessary to infer that the hornblendic 
inclusions were derived at great depth and have had a 
very different history than the obvious xenoliths. The 
inclusions may be altered fragments of diverse wall 
rock floated from great depth, or rock fragments from 
early differentiates in the magma reservoir or frag- 
ments of m_arginal unfused layers of the substratum 
from which the magma was derived. 
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TEMPERATURE OF THE INTRUSIONS 

The intrusions in the Henry Mountains must have 
been nearly devoid of volatile constituents and their 
temperatures could not have been high. Contact 
metamorphism around all the intrusions is slight, and 
around the laccoliths amounts to only an induration 
so that even shale is practically unaltered a few yards 
from the contacts. The induration does extend a little 
farther into the roof than into the floor or sides of 
laccoliths. Metamorphism is much more extensive 
but only slightly more intense in the shatter zones 
around the stocks, but even here epidote is the only 
common new mineral developed. 

In an attempt to estimate the temperature of the 
intrusions specimens of unaltered Mancos shale and 
specimens of altered shale at the contacts were tested 
by Earl Ingerson, of the Carnegie Geophysical Labora- 
tory. Six of his tests consisted of heating the shale 
dry at atm^ospheric pressure for periods of 3 to 6 
weeks at temperatures ranging from 320-1,000 C. 
With increased temperature the baked shale became 
lighter in color and finer in texture but did not even 
approximately resemble the shale baked by the por- 
phyry. * 

Eight tests were made with sealed bombs at tem- 
peratures of 330-450 C for 1 to 4 days, with water and 
Ca(0H)2 in varying proportions. Increased amounts 
of water led to disintegration of the specimens, but 
minor quantities of water or calcium hydroxide at 
temperatures of about 450 C altered the specimens to 
most closely resemble the shale baked by the porphyry. 

Two tests, each of 3 days duration, with about the 
same proportions of water and calcium hydroxide were 
controlled respectively at 371 C and 550 atmospheres 
pressure and at 558 C and 355 atmospheres pressure. 
The higher tem|jerature and lower pressure altered the 
specimens most closely to the porplr^ry baked shale. 

These tests indicate that the observed alteration 
could have been produced had the shale been heated to 
only a few hundred degrees centigrade and practically 
no volatile constituents could have been present had 
the tem^perature been much greater than that. 

Some additional evidence bearing on the temperatures 
of the intrusions is provided by analyses of some tiny 
xenoliths of coal obtained fromx a sill that intrudes the 
Ferron sandstone on Mount Ellen, along Dugout Creek, 
in the SE}i sec. 29. These xenoliths occur as crumbs 
1 to 2 mm thick located 1 to 6 in. below the roof contact 
of the sill. The enclosing porphyry contains abundant 
sand grains and minute shale fragments derived from 
the sediments. The following analysis of the coal was 
made bv the U. S. Bureau of Mines: 



Proximate analysis of xenolith of semianthracite coal in sill 
by Dugout Creek 

[Analyzed by H. M. Cooper, U. S. Bureau of Mines] 





Coai (as 
received) 


Coal (mois- 
ture free) 


Coal (moisture 
and mineral 
matter free) 


Moisture 


1. 13 






Volatile nia-tter 


10. 31 
68. 64 
21.05 


13 


Fixed carbon. 




87 


Ash. 
















100. 00 





Coal in the Yampa coal field, Colorado, that has been 
metamorphosed by intrusions, apparently was changed 
from bituminous to semianthracite coal at temperatures 
between 160 and 350 C and changed to anthracite at 
temperatiuTs between 350 and 600 C. Above the 600 
C temperature this coal becomes porous and changes 
into coke (McFarlane, 1929). Anthracite and artificial 
semicoke have been formed at practically the same 
temperature, between 500 and 550 C (Roberts, 1924). 
The lack of porosity in the xenoliths of semianthracite 
in the porphyry on Dugout Creek suggests that the 
temperature did not exceed 600 C. 

Coal on the steep structural flanks of the Henry 
Mountains is subbitummous, the same as in the gently 
dippmg strata remote from the moim.tains (p. 218). It 
is clear that the metamorphism of the coal xenoliths 
would not have ceased with semianthi^acitization if the 
temperatures in the coal had been more than a few 
hundreds of degrees. 

Larsen (1929) has pointed out that rhyolitic magmas 
consolidate at lower temperatures than basaltic mag- 
mas, that probably all magmas crystallize above 573° C, 
and that most rhyolitic magmas have temperatures in 
the neighborhood of 600 to 700° C. In the Henry 
Mountains the phenocrysts had largely formed by the 
time the intrusions reached the present level of the 
mountains so the liquid in which the phenocrysts were 
floating was approximately rhyolitic. 

The very slight metamorphic effects around the 
in.trusions, the laboratory tests of the shale, the semi- 
anthracitization and lack of porosity of minute coal 
xenoliths, and the composition of the fluid part of the 
magmas at the time of injection provide cumulative 
evidence that the porphyry intrusions in the Henry 
Mountains contained only ver}^ small quantities of 
volatile constituents and were at temperatures near the 
lowest limit given by Larsen. 

REGIONAL, BELATIONS OF THE BOCKS 

Cross (1894, pp. 224-227) long ago pointed out that 
the intrusive rocks m the several laccolithic mountains 
of the Colorado Plateaus are very similar in chemical 
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and mineral composition and in lexime. The intrusions 
are mostly dioritic porphyries that contain more than 
average alumina and soda; some of the rocks are alkalic 
(Gilluty, 1927). The petrographic snbprovince as a 
whole, however, is only slightly alkalic and few of the 
intrusions contain feldspathoids. None was found in 
the Henry Mountains. 

The western Utah petrographic subprovince is char- 
acterized by equality of alkalis (Gilluly, 1932, pp. 67-69; 
Callaghan, 1939, p. 451) whereas the Rocky Mountain 
intrusions contain more potash than do the intrusions 
of the Colorado Plateaus. 

Cross (1894, pp. 179-180, 230) observed the slight 
metamorphic effect of the porphyry intrusions and the 
intense metamorphism around the equigranular intru- 
sions at Elk Mountain, Colorado, Eckel (1937, p. 260) 
observed a similar contrast in degree of metamorphism 
around the intrusions in La Plata Mountains. In both 
the Elk and La Plata Mountains the two kinds of 
intrusions occur together to form a single magmatic 
sequence. They each form stocks which are miner- 
alogically and chemically alike and which differ only 
in granularity, texture, and metamorphic effects. In 
the Hemy Mountains only the porphyry types are 
present and the metamorphic effects are everywhere 
slight. 

Even in the matter of uiclusions the porphyiy intru- 
sions of the Colorado Plateaus resemble one another. 
Hornblendic inclusions of the type so common in the 
Henry Mountains are abundant also in the Abajo 
Mountains, La Plata Mountains, Colo., La Sal Moun- 
tains, and Carrizo Mountains, Ariz. 

PHYSICAL GEOGRAPHY 

INTRODUCTION 

The Henry Mountains and the surroundmg structural 
basin lie in the v/estern part of the Canyon Lands 
gection of the Colorado Plateaus province (fig. 85), and 
are in the rain shadow of the High Plateaus which lie 
immediately to the west (Fenneman, 1928). The 
climate is distinctly arid (see p. 24). The structural 
basin is typical of the Canyon Lands in having the 
isolated laccolithic mountains rising above an expansive 
plateau surface that is intricately cut by deep canyons 

(pi. 2). 

The rehef of the region is about 8,000 ft. The lowest 
point, having an altitude of about 3,500 ft above sea 
level, is along the Colorado River at the southern tip 
of the region; the highest point, Mount Ellen, has an 
altitude of about 11,500 ft. The general level of the 
plateau along the river is about 6,500 ft but the surface 
slopes west to about 5,500 ft before rising again onto the 
Henry Mountains. 



DBAINAGE 

All the drainage is tributary to the Colorado River 
which flows along the southeast edge of the area, and 
all the tributaries except a small one at the extreme 
north join the river wuthin the area. All the streams arc 
intermittent except the Colorado, Dirty Devil, and 
Fremont Rivers, and a few of the streams on Mount 
Ellen, Mount Pennell, and Mount Killers. 

No measurements have been made of the discharge 
of streams originating in the Henry Mountains region; 
even for the Colorado River the gaging stations nearest 
to the head of Glen Canyon are near Cisco, about 125 
miles upstream, and at Lees Ferry, 180 miles down- 
stream. However, a rough approximation to the dis- 
charge of the river in the headward part of Glen Canyon 
can be made by comparison of runoff at existing gaging 
stations. Thus, the sum of the average discharge 
m^easured on the San Juan River near Bluff, on the 
Colorado River near Cisco, on the Green River at 
Green River, Utah, and the San Rafael River near 
Green River actually is slightly less than the average 
discharge measured at Lees Ferry— roughly 20,000 cfs 
(Dickinson, 1944, pp. 154-193). Between Lees Ferry 
and the four stations upstream is an area of about 17,700 
sq mi, including the Henry Mountains region. Evi- 
dently the runoff from this vast area just about offsets 
the losses by seepage and evaporation along the main 
streams. Presumably, therefore, the average discharge 
of the Colorado River along the edge of the Henry 
Mountains region is about equal to the sum of the 
discharges m^easured at the gaging stations on the 
three principal upstream branches — namely, about 
16,000 cfs. 

Normally the river is in flood during late May and 
June; the low-water stage lasts from November through 
February. Judging from the measurements made at 
Lees Ferry, the discharge during the normal flood stage 
is about 15 or 20 times as great as the discharge during 
the normal low-water stage. Extreme flood discharges, 
however, are probably as great as 200,000 cfs; dis- 
charges during extreme low water are probably as little 
as 750 cfs. 

The annual discharge of the Dirty Devil River has 
been estimated to be about 200,000 acre-ft (LaRue, 
1916, pp. 92, 99, 124). Gaging stations have been 
recently estabUshed by the Water Resources Branch 
of the Geological Survey on the Dirty Devil River at 
Hanksville (1946) and on the Colorado River at Hite 
(1947). 

The Colorado River system as a whole has a dendritic 
pattern poorly adjusted to the linear folds of the Colo- 
rado Plateaus, such as the San Rafael Swell and Water- 
pocket Fold. Within the Henry Mountains region 
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Figure 85.— index map sbowmg the priticipfil physical Teatures of Utah ttjid their relation to tlie Henry Mountains* 
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the dentritic pattern is not pronouiK-od and the drain- 
age is very well adjusted to the adjacent parts of the 
plateau. The Fremont and Dirty Devil Rivers flow 
in a wide arc around tlie mountains and the drainage 
tributary to them and the Colorado River is radial 
from each of the five mountains (pL 17). In the west^ 
em i)art of the basin a trellis drainage pattern is con- 
trolled by the strike valleys of tlie steep west flank of 
the basin and a parallel drainage pattern has developed 
along second order tributaries in the southeast<*rn part 
of the area. 

LAND FORMS 

On the basis of type of topography the Henry Moun- 
tains region can l>o divided into six subdivisions: 
canyon areas, sand deserts, hogback ridges, badlands 
and mesas, mount am areas, and piedmont gravel 
benches (pL 18, fig. 86). These six pj'incipal topo- 
graphic forms are due primarU^^ to the kinds of out- 
cropping rock formations and, except for the mountains^ 
the land forms all occur in the same climatic environ- 
ment. The several kinds of land forms tlius occurring 
within a small pail of one drainage basin under identical 
climate conditions illustrate the profoimd efl'ect of 
lithology and structure in controlling the evolution of 
topography. 

CANYON AREAS 

The pai't of the Colorado River that adjoins the 
Henry Mountains area is the headward part of Glen 
Canyon, which has a total length of 170 miles and ex- 
tends from the mouth of the Dirty Devil Iliver to Lees 
Ferry in Arizona, at the head of Marble Gorge. In 
Glen Canyon the river is quiet, rapids are few, and 
small boats can be used thi*oughout its course (fig. 
8A, 9JB). Upstream from Glen Canyon, but east of 
the area here described is Cataract Canyon, one of the 
roughest stretches of the river. 

The gradient of Glen Canyon in this area averages 
a little more than 2 ft per mile, but just below tlic 
mouths of tributary canyons the gradient is commonly 
twice the average and locally is tlnee timt^s as gi-eat, 
because of debris dumped there by the ti-ibutaries. 
Evidently the river is unable to move all the load 
dumped in it by its tributaries. 

Most of the tributary canyons have gradients steeper 
than 50 ft per mile, but farther upstream, where the 
valleys are open in the easily eroded formations, the 
average gradients are less, and locally are as low as 
20 ft per mile. 

The Colorado River and the lower parts of its tribu- 
taries are in deep canyons whose steep rock walls are 
composed of the resistant sandstone of the Glen Canyon 
group (figs. 87, 90). Where the canyon bottom has 
been cut into the older and less resistant Triassic or 



Permian formations the canyons are wide, because in 
these places the Glen Canyon gi-oup of formations is set 
back from the river by steep slopes on the Triassic and 
Permian formations (fig. 9Af B). But where the can- 
yon bottom is within the Glen Canyon group the canyon 
is narrow and the steep walls rise al>ruptly from the 
bottom (figs. 8 A, 9(7). 

On the divides between the canyons is a rough and 
inhospitable bare rock surface. The Navajo sandstone 
weathers and erodes into huge, Ught-gray, rounded 
beehive forms (fig. SA) which eveiyvvhere present 
steep, smooth rock slopes and discontinuous ledges. 
The Kayenta formation erodes into ledges, the widest 
of which contain small patches of very sandy soil. 
Elsewhcie the surface of these formations is bare rock. 
Trails can be made along the ledges, but the trails 
must follow the contour because above the Kayenta are 
the rough hills and clifi's of the Navajo and below is 
the impassable clift of the Wingate sandstone. The 
Wingate forms a nearly unbroken cliff winding along 
the canyons of th(» Colorado Rivt^r and its tributaries. 
Rarely is it possible to cross this foimation except by 
following the main streams. Indeed, this persistent 
cliff is the principal obstacle to travel within the region 
and has been tlie major factor in bairing the passage 
of traveleis and explorei'S. 

Evidently the cliffs in the resistant formations, such 
as the Wingate and Navajo, are worn back very slowly. 
Gravel deposits on terraces considerably above the river 
abut against the nearly perpendicular canyon walls 
(fig. SC) and at some of these places the gravel has 
been renaoved exposing a remarkalily sharp right- 
angle break between the wall of the canyon and the 
rock floor of the terrace. At these places the cliffs 
have not retreated perceptibly whih^ the bed of the 
Colorado in Glen Canyon has been cut downward 
several scores of feet. 

Almost everywhere the clilYs are stained by desert 
varnish and locally very beautifully so, as at Tapestry 
Wall. They would be marred by scars of fresh rock 
if erosion of the walls were vigorous. The abundant 
weR-preserved pictographs engravexi on the walls 
hundreds of years ago tell the same story of exceed- 
ingly slow recession of the cliffs. 

Persons who have prospected and lived along the 
river recall no rock falls (hning the past 40 years, and 
yet at several places in Glen Canyon and at a few places 
in the tribut.ary canyons talus com^s have accumulated 
at the foot of the cliffs. These cones commonly are 
composed in large part of huge boulders, whose fall 
must have produced startling sounds reverberating 
between the narrow canyon walls. The large boulders 
are stained by desert varnish as though they had lain 
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FiGUR£ 86.— Profiles Illustrating Jand forms In tha Henry Mountains region. Horizontal scale is same as the vertical* 
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FlouREfiT^- VerficEil view of the Colorado River below Hlte. At the mouth of each tributary is a s&nd bar, Im, Moetikopl fonnaUon; 'fis, Shlnarurap conglomerate; 
*R<*, Chlnle formation; Jw, Wingate sandstone; Jlc, Kaycnfa formfiUon: Jn, N'avnjo sanfMonp; Joa, Carmd formation, Pc^hlikl Mesa Is about 2»(X)0 ft higher Ihan the 
rl\*er. Horizontal scale, about 2 in, equals 1 raile, PhotopiTiph by Fairchild Aerial Surveys. 
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thus oxposed for a long time. Moreovor, most of the 
cones are being dissected by gullies. At one locality, 
in Halls Creek, about half a mile above its mouth, a 
slide is ovetlapped by the 10 ft of alluvium into which 
Halls Creek is incised. The alluvium \\hieh extends 
above and below the slide is therefore not the result 
of damming by that shde. The slide therefore must 
antedate not only the last period of anoyo cutting, but 
also the period of aliuviation which preceded the 
cutting. The talus cone probably has considerable 
antiquity desj)ite the excellent preservation of its topo- 
graphic foi-m. Most of the slides are probably old 
features; they may be peiiglaciah They apj>ear to 
have Rui'vivetl from a more humid climate when con- 
ditions were more conducive to weathering and reces- 
sion of the cliffs* 

The preservation of topographic features in the 
resistant formations is impressively illustrated by the 
overhanging arches of the alcove type (figs. SB, D, and 




Kifn-HE BS, — frinall alcove arch in Wlugate sandstone, south wall of Xorth VVr^sh 
1 III ile helu w Hog Caiiyou, Stett'L fi oni jjhotoifraph. 

88). The alcoves originate in at least throe ways: 
by latend cutting of the streams, by scour and sapping 
back of the foot of wateifalls, an^l by solution of cement 
along pervious bedtling planes and subsequent lilowing 
away, or falling away, of loosened sand grains. Lateral 
cutting of streams frequently produces huge alcove 
aidies but the other processes by themselves rarely 
produce such large ones, \^^len an arch has been 
started, however, if the strength of the rock permits, 
it may grow to the limit of the thickness of the forma- 
tion by solution of the cementing matrix along joint 
planes permitting blocks to faU from inside the arch. 
Joint planes within the roofs of the arches ar(^ con- 
spicuous, but in the adjoining cliffs few can be found. 
They may be due to the opening of incipient, or tight, 
joints by the new stress relations that are set up in 
the roof as the supporting rock is removed. 



Alcove arches fonned by lateral cutting of streams 
are numerous. Two of the largest ar*e in lower Hansen 
Creek; one of them is 600 ft long, 130 ft deep, and 260 
ft high; the other is 600 ft long, 175 ft dec^p, and 175 ft 
high. A similar arch in tht% lower part of Smith Fork 
is 500 ft long, 160 ft dec^p, and 300 ft high. Still 
another having about tlu^se dimensions is near the 
mouth of Peshliki Fork of Ticaboo Cn>ek. At many 
of the laterally cut arches the stream has been diverted 
from beneath the arch and no longer flows against the 
Ijacfc walk The arch in Smith Fork was cut when the 
stream was 25 to 30 ft above its present position , and 
a rock-cut terrace, mantled by stream gravel now forms 
a platform beneath the arch. The terrace and gravel 
are partly buried by sandstone boulders and loose sand, 
in places 12 ft deep, fallen from the overhanging roof. 
A large fall of such debris would effectively divert the 
stream from beneath the arch. 

Th(^s(* arches are located along the outside of stream 
b(Mi(ls, and at a few places where the canyons are nar- 
row the arches overhang rock-cut slip-off slopes inside 
the stream meander. One of the best examples is in 
Smit h Fork about 2 miles above the mouth of the canyon. 

Most of the laterally cut alcove arches have a 
smoothly curved interior surface whic^h suggests that 
they were cut by the progi*essive widening of the 
stream's meander arc. Locally, however, lateral cut- 
ting ceased when a given arc had been attained and 
later cutting was vertically dowTiward. Still other ex- 
amples indicate cessation of vertical dowm cutting while 
the stream cut laterally far under a very low overhang- 
ing rim (fig. 89). A fine example of such an arch is 
found at the point where Trachyte Creek enters the 
outcrop of the Wingate sandstone. Here the stream 
has cut 65 ft under a sandstone ledge and the overhang 
is so low tliat a peison cannot stand upright at the 
stream channel. 

An alcove arch may evolve to a natural bridge like 
the Kainbow Bridge or the bridges in White Canyon if 
the meanders are spaced closely enough to permit 
their cutting through the alcove (Baker, 1936, p. 86; 
Gregory, 1938, pp. 103-106). The nearest approach to 
this condition in this region is in Halls Creek, near the 
head of the canyon, whtTe breaching of an alcove arch 
was iTiterrupted by collapse of the rim, leaving a jum- 
bled pile of broken blocks separating two meanders of 
the stream. 

Alcove arches also form by scour and sapping back 
of waterfalls. The finest example of this type, located 
at the head of Warmsprmg Canyon, Is one of the larg- 
est arches along Glen Canyon and is one of the scenic 
places \dsited by persons making the boat trip down 
the river. The arch probably started as a small reces- 
sion c\U bv direct scour back of the foot of the water- 
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FifJURE 89.— Diagraminatic profiles across caiiyous to Illustrate three shaiies of later- 
ally cut alcove arches. Most of the arches have smoothly curved interior surfaces 
as If cut by tlie progressive widening of the stream's meander arc (A) . Locally, 
however, lateral cutting ceased when a Kiven arc had been attained and later cut- 
ting was vertically downward (B) . 8t ill other examples Indieat e ce,ssation of down 
cutting while the stream cut laterally far under a very low overhfuiging rim (C). 

faQ, but its later growth seems to be due mostly to 
water seeping along the face of the recession and dis- 
solving the cementing matrix from the sandstone. 
Wind or wash then can remove the loosened sand 
grains. Solution would be most effective on the cool 
protected face of the arch acmss which considerable 
water could seep w^th a minimum of evaporation. 
Whatever the process, it is impressively more effective 
than the downwai'd cutting by the main creek which 
flows over the roof of the alcove but has been able to 
cut only a short narrow sluice in the overhanging rim. 
Wlien the stream is flowmg the water falls vertically a 
few hundred feet from the sluice to a plunge pool 6 ft 
deep beneath it, but the interior wall of the alcove is 
so far back that it must catch little more than fiiae 
spray even when stoims make large water falls. 

The most common type of alcove arch is formed 
along bedding planes, presumably pervious beds from 
which the cement has been dissolved peimitting removal 
of the loosened sand. Usually these are small arches 
or caves and they giade into small niches and cavities. 



Rows of ver>^ small cavities ^ appearing from a distance 
like so many woodpecker holes, are common along bed- 
ding planes in the cliff-forming sandstones. Occasion- 
ally a large one is seen as at the California Bar. Most 
of the arches of this type are not symmetrical, but have 
angular roofs where jointed blocks have fallen away. 

Related to the arclies are the tanks, on which the 
desei't traveler must depend for part of his water sup- 
ply. These tanks are foimed in at least three ways. 
]\lany of them are phmge pools below waterfalls , like 
the depression in front of the alcove arch at the head 
of Warmspring Canyon. Others are potholes along 
cascading stream coui'ses. This latter type is most 
abundant in the Wingate and Navajo sandstones, and 
locally in the Entrada sandstone, where it is massive- 
Still other tanks are located on open up]5er suifaces and 
probably are due to solution of the cement by standing 
water and subsequent wind action blowing away the 
loosened sand. Many tanks of this type are elongated 
along false oi* foreset bedding planes in the cross- 
bedded sandstone. 

Anothei* striking feature of the canyon part of the 
region is the marked parallelism of streams tributary 
to the large canyons that drain into the Colorado River. 
These second-order tributaiies are alined southwesterly 
and the divides between the main canyons, which are 
first-order tributaiies, ai'c crowded against the "south- 
west sides of those canyons. Thus, North Wash 
drains practically all the country between it and Poison 
Spring Box Canyon; Trachyte Creek drains practically 
all the country between it and North Wash; and the 
tributaries entering the canyons of Ticaboo, Sevenmile, 
Warmspi'ing and Hansen Creeks are mostly on the 
northeast side of those canyons. This drainage system 
is oriented 45° to the strike of the rocks. In the vi- 
cinity of Mount Hohnes and Moimt Ellsworth and 
faither southeast between the Colorado and San Juan 
Rivers, a conspicuous set of joints trend southwest, but 
in most of the region the conspicuous joint fractures 
trend southeast (fig. 90). Presumably the parallel 
drainage has been controlled by the southwesterly 
trending set of fractures. 

Likewise the courses of the canyons of North Wash 
and Trachyte Creek may be related to the regional 
jointing. Between the moiuitains and the heads of 
the canyons, these streams flow eastward, but on enter- 
ing the canyons they turn southeastward and flow con- 
siderably fait her to reach the Colorado River than 
would be necessary if their eastward course was main- 
tained. 

Poison Spiing Box Canyon, one of the largest can- 
yons in the area and the laj^gest western tributary 
canyon of the Duty Devil River, receives practically 
no water from the Henry Mountains. The drainage 
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FlGtrKE 90," Vertical viow of the south half of Peshliki Mosa and lower i)art of tlwi ciiiiyaii of Ticabcxi Creek. Tim, Moenlcopl formation; "Ss, Shiriaruinp conglomerate- 
"Kcj Chinle for ination; Jw, Wingate sanclstoiie; Jt, Kayenta formation; Jii, Navajo sandntone; Jca, Carmel formation, Peshliki Mesa i$ about 2,000 ft higher than the 
river. Horizontal scale, al)out 2 in. equals 1 mile. Photograph by Fairchlia Aerial Surveys. 



basin lies almost wholly mthin the desert and actually 
is ratlier small, Tlie cajiyorij however, once received 
the water of Granite Creek which has since been di- 
verted northward (p, 197). Presumably Poison Spring 
Box Canyon was cut when Granite Creek and possibly 
other streams from Mount Ellen were flowing into it. 
In the first-order tributaiy canyons, such as these, 
meanders ai'e mostly concentrated where resistant for- 
mations are crossed (Moore, 1926^ p. 43). The inneT 
gorge in the lower half of the Dirty Devil River, for 



example, is exceedingly sinuous in the resistant Cedar 
Mesa sandstone. Between the head of this inner gorge 
and Hanlcsville the river course is less sumo us, except 
where it crosses the Navajo and Wingate sandstones. 
North Wash and Trachyte Creek (fig. 9^) are fairly 
straight except where they enter and leave the Wingate 
sandstone. The can.yons of Ticaboo Creek (fig. 90), 
Hansen Creek, and the lower part of Smith Fork are 
meandering in resistant formations although the simi- 
larly incised canyons of Sevenmile Canyon and upper 
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part of Smith Fork are straight. Alcove arches along 
the outside of many of these meanders, especially in 
Hansen Creek and Smith Fork, indicate that the 
meander belt has been widened during the canyon 
cutting. 

Little order, though, can be discerned m the distribu- 
tion of the large bends along Glen Canyon. The tor- 
tuous bend at The Horn (fig. 87) is in the Triassic 
foimations but the evenly spaced bends downstream 
hicludiug the sharp bend at JMoki Canyon are in the 
resistant Jurassic sandstone formations. These large 
bends in Glen Canyon liave not changed much during 
the canyon cutting, so apparently they were inherited 
from a time when the drainage was at a higher leyel. 

Hanging tributary valleys are commonplace tlu-ough- 
out the canyon region. They are one of the effects of 
intermittent streamflow in the resistant formations. 
The tributary vaQeys drain small areas within the 
desert and carry water only a few times each year 
following local rains that happen to fall within theij- 
drainage basins, Tlie main stream, because of its 
larger drainage basin, is in flood much more frequently 
and is able to cut downward more rapidly than any 
one of the tributaries. Hanging valleys are most 
striking where the runofi" in the drainage basin of the 
tributary is very small compared to that of the main 
Btream, oi- where the jimction is in an easily eroded 
formation below a resistant layer. Where tributaries 
join the main stream in homogeneous rock, the lower 
part of the tributary is merely steepened. 

Along many hanging valleys, the falls, originally at 
the mouth, have retreated considerable distances up- 
stream, forming boxed canyons. The falls migrate 
headward but remahi an almost permanent feature 
because the downstream course tends to become graded 
to the main stream. Main streams, in general, cross 
the resistant layers with steepened gi'ades, but not 
w^aterfalls. 

The regimen of the streams in the canyons differs 
from place to place and has differed from time to time 
in the past. Glen Canyon has an alluvial bottom that 
is wide at Hite and Goodhope (fig. 87) but at most 
places forms only a naiTOw shelf between the river and 
canyon wall. No doubt the thicloiess of the alluvium 
also varies considerably from place to place. South 
of this area, a few miles below Halls Crossing, just 
below the mouth of Lake Canyon, the river channel 
crosses a bare rock ledge. The maximum thickness of 
the alluvium along this part of the canyon is not 
kno\vn. 

The Colorado River in the upper pai^t of Glen Canyon 
must be essentially at grade and engaged primarily in 
transporting debris brought into it by the tributaries 
because deltas have been built into the river at the 



mouths of the large tributary streams and the river 
is crowded against the opposite bank in a narrow chan- 
nel that has minor rapids (fig. 90), a cx>ndition resem- 
bling that along the San Juan River (Miser, 1924, pp. 
62-63). 

The lower parts of the principal tributaries are also in 
alluvium but they have recently started cutting into it. 
The second-order tributaiies are mostly on bedrock 
and are actively cuttmg at their cascades, falls, or 
bends. 

Further evidence that the Colorado Rivci' in Glen 
Canyon is essentially at grade and has been for some 
time is the development of small pediments in the 
Triassic rocks above the old reservior at Goodhope and 
on the east side of the liver opposite the Ticaboo Bar. 
These pediments aie located a few hundred feet from 
the river and appear to be graded approximately to 
the flood stage of the river. The Goodhope pediment 
was cut in the unprotected Triassic rocks back of the 
gravel deposits that form the Goodhope Bar. The 
pediment opposite the Ticaboo Bar is covered by at 
least 9 feet of fanglomerate but the pediment is being^ 
extended head ward up each side of the fanglomerate, 
between it and the bordering hills of Triassic rocfe. 
These pediments are small-scale repUcas of the extensive 
pediments aroimd the foot of the Henry Mountains. 

The lower edge of the pediment opposite the Ticaboo 
Bar is covered by a series of sand dunes that are elongate 
parallel to the river. The dunes have then steepest 
side toward the river, but this must be due to erosion 
by the river because the prevailing wind and direction 
of sand movement everywhere in the aiea is toward the 
northeast, that is, from the river toward the pediment. 
]3rainage off the pediment has been blocked by the 
dimes and has become diverted around them. The 
tops of the dimes ai'e moderately well cemented; on 
top of one is an Indian fireplace, built of rock and 
snrromidcd by fiint chips. These dimes apparently 
were derived from the channel of the river itself, 
presumablj^ during dry seasons of a period of exceptional 
drought, such as occurred near the close of the 13th 
century. 

Drainage changes of greater antiquity are recorded 
by numerous rock-cut terraces, most of which are 
overlain by gravel (fig. 90). Along the Colorado 
River these deposits contain flour gold which has been 
the object of considerable prospecting (p. 220). Tlie 
terraces are at different heights above the streams^ and 
on the map (pi. 18) arc grouped arbitrarily by their 
height. They are rather uniformly distributed along 
the upper 75 miles of Glen Canyon, except for part of 
the course which is in the Wingate sandstone, where there 
is none. Most of the terraces are along the compara- 
tively straight parts of the canyon, but a few aie located 
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on the inner side of river bends. Along the lower 95 
miles of Glen Canyon, terraces are cxceetlingly few^ 
yet the river gradient and discharge is aboul the same 
as in the upper part of (he canyon, the same group of 
formations are present, and the shape and plan of the 
canyon is about the same. 

Canyons tributary to the Colorado River meander 
more than the river, and are mueh narrower. Rock-cut 
terraces along them are mostly veiy small and discon- 
tinuous and most of them are located inside meander 
bends as the counterpart of the alcove arches at the 
outer sides of the bends. Tenaees ai'c uncommon in 
tiibutaiy canyons cut in the Kaycnta formation and 
the Wingate sandstone, though one would suppose that 
the ledge-forming Kayenta would facilitate the forma- 
tion and preservation of such features. 

The highest gravel deposits examine<l within the 
river canyon are about 500 ft above the river and contani 
abundant bouldeis of pojphyry fmm (he Ilcmy Moun- 
tains. Gravel deposits contaiuing porphyiy boulders 
occur also at many places on top of the plateau near 
the west rim of Glen Canyon and the can^^ou of tlie 
Dirty Devil Rivei' and along the divides Ix^tween their 
western tributaries. The gravel deposits at Cedai' 
Point are at an altitude of almost 6,000 ft and arc 
almost a thousand feet liigher than the plateau surface 
intervening betwecJi Cedar Pobit and the Henry 
Mount ahis, so the deposits must be older than the 
canyon of North Wash and Poisoji Spring Box Canyon. 
Similar deposits on tlic divide between North Wash and 
Ti-achyte Creek and at the southeast points of divides 
between streams draining Cane Spring Desert also 
antedate the tributary canyons. Clearly the entii^e 
epoch of canyon cuttuig along Glen Canyon and its 
tributaries occurred since the intrusions at the Henry 
Momitains (p. 204). 

Wlien the river was at the level of the high gravel 
deposits, 2,000 to .S,000 ft above its present position, it 
must have been in broad open valleys because the 
formations at that level, the San Rafael group and 
overlying formations, are not resistant and would not 
have formed steep-walled canyons. 

SAND UESERTS 

Sand dunes iJanket extensive areas where the 
Entrada sandstone is the surface formation as in the 
Green River Desert, Burr Desert, and tlie Cane Spring 
Dt^sert. These places perhaps tj^ify a rather general 
concept of true deserts. They are hummocky with 
sand dunes and sand mounds, and the drainage is indis- 
thict and commonly is disintegrated by shifting sand. 
The rehef is not great, the larger streams have broad 
shallow valleys, and tlie general aspect of the suiface is 
that of late maturity. 



The monotony of the dunal land is relieved somewhat 
by a few protruding hills of bedrock. The Entrada 
sandstone is irregularly lime-cemented and the resulting 
difr(*rential erosion produces odd-shaped buttesand *'rock 
babies/' The Gilson, Brigham (fig. 92), Sorrell, and 
Trotihus Buttes (fig. 91^) are large features of this type. 
A collection of "rock babies** (fig. QIC) by the roadl)^ 
miles north of North Wash contains such a weird assort- 
ment of small foiTns that the place is locally Icnown as 
Egypt. 

A photograph of Brigham Butte (fig* 92), belonging 
to Mrs. Cornelius Ekker of Hanksville, and taken about 
1900, was compared with a photogi*aph made at the 
same place in 1939. No erosion of tlu^ butte could be 
detected. The distribution of the boulders on the pedi- 
ment at the foot of the but tewas somewhat difrerent, but 
tliis may have resulted largely from lumian ijifluence, for 
the locaUty is beside the old Hoskinini freight road, and 
provide<I a shaded resting place for the wagon trains. 
Tiny pediments generally slope from the foot of such 
buttes and other hills in the Entrada sandstone. 

Although a tremendous quantity of saml shifts across 
the <hmal areas, v^ery few dunes migrate far out of the 
Entrada belt, because, in the more slialy Carmel forma- 
tion, the source of sand is left behind and the dunes can 
only l)ecome smaller ^ and the smaller the dime (he faster 
its travel and obUteration. LociiUy though, where only 
a narrow belt of Carmel lies between the <lunal area and 
a canyon, a slope of loose sand may be built from the 
canyon bottom to the rim. Invariably these slopes are 
on the southwest sides of the canyons because the pre- 
vailing wind is from that diiection, Conspicruous ex- 
amples may be found along Halls Creek, at the head of 
North Wash, and at the head of the south fork of Poison 
Spring Box Canyon* At these places tlie canyon bot- 
toms ai'e usually *hy, l)Ut the movement of sand mto 
them is not suflTiciently rapid to do more than bury the 
one side- wall. 

Most of the dunes are of the barchane iypi% that is, 
in plau they are crescent shape and convex toward the 
windward side (Shippee, 1932, fig. 21, p, 21). The 
dunes tend to become clustered- In parts of the Green 
liivei' Desert the clustei-s also are crescent ically arranged 
but they face the direction opposite to the individual 
barchane dune (i\^, 9lV). Each cluster is composed of 
several barchane dunes that are crowded irregularly at 
the center but arranged en echelon at the sides of the 
clusters. A long narrow ridge of sand on the otherwise 
fiat desert extends far to the windward from the termi- 
nal t)arcliane on each side of the cluster. 

The dunal area is surprisingly good grazing land. 
The vegetation Is capable of survivmg prolonged periods 
of intense heat and drought and yet it blossoms like a 
garden after even a moderate shower. But unless the 
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FinuRE 91.— Vtews in the desert east of Mount Kllea. A, View d ist do'sn the- i^ravel t^edimpnt along Seop Wash. The pediments and tiie gia%-^el on them exl^nd eastward into the heads of tho canyoQS, and the 
canyon producing formations rise eastward a tbfiusand feet higher than the lower edge of the pedtraonts. B, Typicalvinw of the MorrisRn-Sammonille escarpment, 2 mile^ south of North Wash. Je» Entrada 
sandstone; Js, SummervlUe formation; Jm, Morrison formation. A gmvel-free pediment in the Entradaslopcis from the foot of the escarpment. C, Small grave l*free pediments iJi Kntrada samlstone at the fbct 
of sandstone monoliths 1^ miles north of North Wash. D, View up Trachyte Creek half a mile above the ranch. The ereek Is in a gorge Incised into a cut terrace mantled with flood plain deposits* 
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FmiTRE 92.— Rrlghaiji Butt*, a monolith of Entrada saiidstoucy in the dimstl area 
along WfU W'ash {', miles north of Hanks viUe. SmaJl pcdimeiilP around thi^ base 
or such nionoltths are common. Sketched frum a phuUjgraph. The o« iKhml w«a 
eompar«><l with a photofrrnph taken 40 >t ago but no Rdditi'ynpl pitting, fluting, or 
othtiT erosion of the monoUth could br discerned. 

stoims arc repeated, the plants soon wither uiidor the 
burning siul One marvels at tlieii' pei'sistent revival. 

Siuface water is almost nonexistent in tlie dunal 
area, either as streams or springs, thougli foitimately 
there are a few springs in the less pervious formations 
of immediately adjacent areas. Nevertheless, in spite 
of the absence of Water and the presence of loose 
sand, the dunal areas aie the easiest routes for un- 
iinpi'oved roads, because of the general absence of 
large topograpliic obstacles. 

Tlie mature topography of these areas reflects the 
ease of erosion of the Entrada sandstone. Tlie forma- 
tion was first exposed in the Henry Aloim tains struc- 
tural basin when the ancient master drainage was about 
3,000 ft above the present Colorado River bed. Be- 
cause of the basinward dip the belt of outcrop of the 
sandstone havS been shifted slowly toward the trough 
of the basin but probably a matm-e surface lias per- 
sisted on the sandstone since it was first exposed because 
the stieams crossing the Entrada have always had to 



cross more resistant formations dou^nstream. Con- 
sequently theie has always been ample time to erode 
the Entrada to maturity while the streams more slowdy 
cut into the harder formations. Under a more humid 
clunate there may have bct^n little or no loose sand, 
but the relief probably would have been as subdued 
as now, 

HOGBACK RIDGHS 

Hogback ridges, locally kno%\Ti as reefs, are among the 
most piominent and spectaculai* featiues of the region. 
Tlie largi^st of these ridges The Reef of the San Rafael 
Swell (fig. 95B), the Capitol Reef (fig, 94), and Water- 
pocket Fold (figs. 95^, 97) form huge nearly impassable 
walls along the north and west sides of the Henry 
Moun tarns structural basin. They are formed by the 
resistant sandstone beds of the Glen Canyon group 
turned up along the steep north and west sides of the 
structural basin. Impassable cliffs many himdreds 
of feet high along the outer side of these hogback 
ridgCvS (fig. 95^), face outward fiorn the structural 
basin. The tops and back slopes of th(^ hogback ridges 
are exceedingly rough, being surraountal by high 
knobs and deeply cut by canyons (fig. 96). The 
landfoiTQs of these hogback ridges, like those of the 
canyon areas, are decidedly youthful. They are 
formidable barriei*s to travel and can be ci'ossed at 
very few places, even on foot. Thcii* surface is mostly 
bare rock and virtually all of it is waste land. 

Broad strike valleys lie on each side of the hogback 
ridges (figs. 95^, B^ and 97), and t!u\v are connected 
by oiJy a few wideh^ spaced narrow canyons through 
the ridges. Many of tliese comiecting canyons are too 
narrow or too rough for hoi-seback travel. Boulder 
Canyon, for example, which crosses the hogback 
ridges of the San Rafael Swell, is about 300 ft deep 
bnt its sides are so close together that a boulder fallen 
from the rim has lodged between the walls without 
touching bottom. One does not need to stoop much 
to walk under it, but until it is dislodged, hoi-ses cannot 
be taken through the canyon. 

For the most part the major drainage on or across 
the hogback ridges is controlh^l by the structure of the 
steeply dipping resistant formations but, here and there, 
the tlrainage is in complete disregard of the structure. 
Several of the canyons crossing the Reef of the San 
Rafael Swell, for example, meander quite as much as 
the stream courses in the broad valleys cut in the easily 
eroded formations on eitlier side. Halls Creek at two 
places leaves the wide, easily eroded strike vallej^ east 
of the Waterpocket Fold and entei-s a deep nanow 
gorge cut in the hard I'Ocl'ts of that hogback ridge. The 
canyon of the Fremont River through the Capitol 
Reef is fairly well adjusted to the structui-e most of the 
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FmiTRE 93 — Verfical view of sand dunos In the Green River T^esc^rt, The photoi?raph Includes most of the northeast, quarter of T. 26 S., R. 12 K, The Individual sand dunes are tne barcnane type, in plan eoncave 
to the leeward, These barchane daues axe clustered in crescentlc arcs that arc concave to the windward, Nearly straight ridges of sand extend southwest ward from the tip of eaeh crescemie are. Scale, about 
2 In. equfUa 1 mile. 
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^iGUBE 94,— Veriicalviow of Capitol Reef, 'fim, xVIoi^iikopi formation; "fis, Shiriarump conglomerate; 'fio, ChiiUe formation; Jw, A¥Lngate sandstone; Jk, Kayenta fornjar 
tioii; Jn, Navajo sandstone; Jca, Carmel formation, Capitol Wash is tiie route followed by the main road into the Henry Mountains region from the west. Scale, about 
2 in, equals 1 mile. Photograph by Falrchlld Aerial Surveys. 
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FmUKE 95 —Views along the hogback ridges. A, Airplane view north along the Waterpockot Fold, Photograph by Agto Service Corporation, J?, V'lew west along The Reef of the San I^afael Swell, from the north 
end 0/ Little Wild Horse Mesa. C, View north alorig Halls Creek and the Waterpocket Fold from the escarpment formed by the Morrison forraation 5 miles nonhwest of Clay Seep* Photograph by P. Averltr. 
Kmv, Mesavcrde formation; Kmm, Ma-mk member, Kme, Emory sandstone member, Kmbg, Bine Gate shale member, Kmf, Ferroa sandstone member, and Kmt, Tnnunk shale, members of the Mancos shale; 
Jm, Morrison formation; Jsr, San Rafael group; Jfi^ Summorville formation; Jcu, Curtis formation; Jo, Entrada sandstone; Jca, Carmel formation; Jn, Navajo sandstone; Tk, Kayentaformatioti;]jw, Wlngate sand- 
stone; "E, Tr lassie formations. 
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FiGUTiE 96.— Bonklur Canyon, an cjcample of the imrrow gorges several hundred 
fe6t deep in Tho Ke<>f of the f^an liafael Swell, the Capitol R€ef» and Water jx>cket 
Fold. Skolch from photograph. 



way, the course beiiig straight between several right- 
angle bonds that appaiently are controlled by the 
numerous open joints. But just before leaving the 



hogback ridges, tlie stream winds in goose-neck mean- 
ders to follow a croui*8e 2 miles long between points only 
half n mile apart, Capitol Wash has a sharp meander 
just below its entrance to the Capitol Reef. Muddy 
River Ims a looping meander near the middle of its course 
across the Reef of the San Rafael Swell, These mean- 
ders, like the sliarp bends in Cden Canyon, evidently are 
inherited from a more ancient and liigher level of the 
stream courses and have become superimposed on the 
ridges. 

On the other hand, the second-order or third-order 
drainage shows considerable adjustment to the structure 
and iit many plaot\s has developed a trellis pattern in the 
jointed rocl^B (fig. 94). 

Ail tlie canyons through tlie hogback ridges are 
narrow^ and most of the stieam channels are on bed- 
rock. Along the larger streams, however, alluvium 
has IxH^n deposit (xl, and in some— Capitol Wash, for 
exam[>Ie — there are a few cut terraces mostly on the 
inner sides of the stream bends. The alluvium in all 
the canyons is now being eroded. TanlvS like those in 
the canyon areas are numei-ous in the bare rock sur- 
faces of these large ridges. 

In addition to the large hogl)ack lidges formed by 
the upturned fox'matiuns of the Glen Canyon group 
there are small hogback ridges formed by other thinner 
formations (figs. 20 A j 97). Tliey are confined to the 
western edge of the structural basin; most of them are 
only a few hundred feet high, but their steep westward- 
facing cUffs seriously interfere with travel. Their tops 
and back slopes are le^ss roclcv' and more accessible than 
those of the big hogbad^ and are fahly useful for 
grazing land. 

These topographic featm^es are controlled alnxost 
wholly by lithology and structure. Even under a more 
humid climate they would persist as ridges although 
their slopes would be less precipitous. The int ercanyon 
divides are lowejcd very slowly bf^'ause erosion is con- 
centrated along the stream <iiiannels and at the base 
of tlie chfTs. Tlie liogback lidgtvs probably stand as 
tiigh toda>' as they ever have, and their bioad upper 
surfaces wall probably become even more dissected and 
perhaps w^ill be left standing in even greater reUef as 
the surrounding country is further i-educed. 

BADLANDS AND MESAS 

Shale membei-s of the Mancos and clayey parts of the 
Morrison formation form badlands of which the Pinto 
Hills and Blue Hills are t^^pical examples (figs. 98^, 99, 
100), The badland hills are generally less than 150 ft 
high. In the Monison, most of the hills are fairly large, 
a ft^W' aie rounded knobs, and all have a smooth convex 
profile \nth slopes that are fin rowed by oidy a few- 
rat !ier large rills (fig, 98B). Mancos shale hills fUffer 
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FiGiTRE 97.— Verticfil viev of the Waterpocket Fold ImmtHliateiy south of Burr Trait "fie, Chinle formation; Ju , WintTHti- sandstow; Jk, Kaycnta rormatton; Jn, Xavai«> 
sandst4>tie; Jsr, San HafaH group; Jm, Morrison formation; Kmt, Tununk shale merriher, Knif, F^rron sandstone member, Kmbg, Blue Oa(o shale member, Kme, Emery 
sandstone, members of the Mancos shalu. Scale, about 2 in. equals 1 milt Pbolouaph by Fairchild Aerial i;iirveys. 
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Figure 98.— Vi^^wa in the bndlands and mesa areas. A^ View north of Stephens Mesa, The badlands are developed in the Blue Gate shale member nf th*i Mancos shale. 'B, 
Badlands formed by the chiy IkkIs in the upper part of the Morrison formation, near the Muddy Klver. C\ Badlands ill the upp^ir part of the Ferron sandstone member 
of the Mancoa shale, along State Route 24, The highest bfldland hills are formed by the Blue Gate shale member of the Mancos shale. In the dLstsnoe 1b Factory Butte. 
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in several ways. Few of thciii are isolated, tlieir 
crests are narrow, and their sides are concave and 
intricately cut by a fretwork of minute rills (fig. 98^). 
Tlie diffeience in form between the Morrison and 
Mancos badlands is probably relat(*d to the internal 
structure J texture, and composition of the two Idjids of 
clay. The clay beds? of the Morrison are tliick and 
liomogeneous, whereas the Mancos is fissile shale, 
abundantly jointed. Much of tlie Morrison clay on 
weatherings swells, becomes liighl}^ pervious, yet remains 
firmly coherent and tough. The Mancos, on the other 
hand, weathers into discrete flakes of shale tliat do not 
firmlj^ cohere. When dry tliey are easily blown awa^^; 
indeed, at some places they form small dunes of shale. 
On the Mancos slopes, therefore, the weathered crust 
generally is thimier than on Morrison slopes so tliat 
runoff and i^ill cutting are more active on the Mancos 
than on the Morrison. 

The upper clayey part of the Morrison is cavernous 
and contains numerous sinks — a karst topograpliy on a 
small scale. At one locality, in see. 24, T. 29 S., R. 10 E., 
a small wash has been diverted into a cavern and the 
wash has cut its com-se 4 ft deeper since the diversion, 
A small but distinct windgap marks the old course of 
the wash to the main stream. 

These badland-producing formations are separated 
by firm beds of sandstone tluit form broad benches and 
dip slopes of bare rock or sandy soil. Scarps are formed 
along the up-dip side of the benches wliereas down the 
dip the bare sandstone is found beneath anotlier strip 
of badlands. Where dips are slight t he benches are very 
broad and parts of them are isolat(»d as mesas, as for 
example, the North and South Caineville Mesas and 
Factory Butte (figs. 98^, G, and 99). Where dips are 
steep the benches form hogback ridges (fig. 20^), 

Scarps around the benches are woni back mostly by 
erosion of the soft sliale which undercuts the capping 
resistant sandstone, but at some places (^specially along 
the sc^rp of the Summerville and the basal Morrison 
formations, the retreat involves small-scale landsliding. 
The capping layer of basal Morrison is fissured, gypsi- 
ferous conglomerate thi'ough which water lias easy 
access to the numerous jomts that extend do\oi\\'ard 
into the Sununerville. A\Tiere tlie joint cracks are tight 
at a slight depth below the surface, the water seeps 
laterally along the joints or bedduig planes and in a 
short distance comes to the surface. The Summerville 
contains shale beds, and seepage along them lubricates 
a sole on which large johit blocks slide downward. Small 
oases of grasses and shrubs dot the hillsides in certam 
localities, as along Wild Horse Creek, and mark the 
spot where the seepage is coming to the surface. 

The shale formations give rise to either a youtliful or 
a mature topography (figs. 99, 100), for the youthful 



badland lulls are surrounded by pediments that separate 
the hills from broad alluvium-floored valleys along the 
main streams. Figure 99 shows such an area between 
Sweetwater Creek and Oak Creek. Similar gradations 
between youtliful badlands, mature rounded hills, 
pediments and alluvium-floored valleys nw^y be seen at 
the southeast side of North Caineville ^f esa and along 
Sand Creek. 

As erosion advances in the badlands, the height of the 
hills is reduced, and as the narrow-crested divides are 
lowered they become smoother and broader. By way 
of contrast, the hills capped by the more resistant for- 
mations, the sandstones, maintain their height during 
advanced stages of erosion Avliich progresses chiefly- by 
removal of material from the hillsides, as at Factory 
Butte and other mcBas (fig. 986^). 

Cliffs of shale in the badlands have been produced 
locaUy by lateral <?utting of streams. At the foot of 
some of the cliffs are talus cones of the shale but, unlike 
the talus cones and slides in the canyon areas (p. 186), 
these sliale cones are probablj^ not ancient features, be- 
cause cliffs in the shale formations against wliich the 
cones abut are not durable features even in tlie arid 
climate. 

Streams crossing the badlands and mesa areas have 
moderate^ meandering courses. Commonly, along a 
given stream, straight stretches alternate with stretches 
of meanders, such as along the streams in the canyons or 
hogback ridges. For example, for 6 miles east of Caine- 
vUle, the Fremont Kiver is nearly straight, but at Blue- 
valley the course of the river is broadly meandering. 
Each stretch has the same kind of flood plain, same 
kind of bedrock, and each stretcli is immediately up- 
stream from a gorge in alternating sandstone and shale 
beds. 

^^lat was the ancestral form of the badlands and 
mesa area? When the Colorado River and lower part 
of the Dirty Devil River first began to cut their canj^ons 
the position of the Fremont River near CainevUle must 
have been at least a thousand feet bigher than now; 
that is, no lower than the present top of the Caineville 
Mesas. At that stage probably the Mesaverde forma- 
tion was as extensive as the Emery sandstone is now, the 
Emery was about as extensive as the Ferron sandstone 
is now, and the Ferron was as extensive as the present 
Morrison. To tlie extent that these formations were 
spatred more closely then than now, tlieir surface relief 
exceeded that of the present badlands and mesas. To 
the extent that they were spaced farther apart, their 
relief was more subdued. One may suppose that the 
spacing has not been greatly clianged and that the 
mature surface has been inherited aaid simply shifted 
westward with the foimations as tliey were eroded to 
progressively lower levels. 
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Figure 99.— Vertical view of Bouth Cainevile Mesa and the badlands along the lower part of Sweetwater Creek. Tiie ruesa is tapped by Emery sandstone meintaer of the 
Mancos shale, tbe badlands are formed by the Blue Gate shale member of the Maotjos. Note the pediments between the foot of the badlands and the alluvluin of the 
stieams. Scale, about 2 in. equals 1 mile. Photograph by Aero Service Corp 
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Figure lOO,— Badlands In the Blue Oate shalo member of thB Mancos shale along Sand Croek, 4 miles souihwcst of Cainevllle. Tho alluvium aloos Sand Creek overlaps the pediments that slope from the 
foot of the badl^nd hlljs. Tho limit of overlap Is marked by a change 1u color. Ptictograph by George Grant, U. 9. Bepartmcnt of the Interior 
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MOUNTAIN AREAS 

The land forms in the Henry Mountains are the prod- 
uct of fluviatile erosion; no glacial forms have been 
found. When Gilbert visited the mountains in 1876 he 
first thought some of the rock slides might be morainal 
and he wrote, on September 12: ^^The valley of camp 
two (by Dugout Creek near the mouth of Pistol Creek) 
is occupied by coarse drift that seems morainal.'' Later 
in his trip he recognized the origin of these deposits and 
on September 27 he noted: "The story of the pseudo- 
moraines at the foot of the mountain slopes is told here 
* * * The secret is avalanche.'' 

Rainfall on the mountains is as much as 20 in. an- 
nually, which is three or four times more than on the 
plateau. Nevertheless, few of the streams draining the 
mountains are perennial for m-ore than short stretches 
and none of the streams is large. 

Valleys in the mountains are generally narrow and 
V-shaped in cross section in contrast to the broad 
washes or box canyons of the desert. Moreover, 
stream gradients on the mountains are very steep. On 
Mount Ellen many of the largest valleys have gradients 
of 1,000 ft per mile. On Mount Pennell the gradients 
are even steeper, while on Mount Hillers, Mount 
Holmes, and Mount Ellsworth, the valley gradients are 
nearer 2,000 ft per mile. Even Star Creek and Gold 
Creek, which are the largest streams on Mount Ilillers, 
have an average feJl of 1,700 ft per mile from their head 
to the foot of the m.ountain. 

On the northern three mountains the hillsides and 
ridge crests are mostl}^ smooth and rounded, cliffs are 
uncommon. The varied and sceinc land forms that 
characterize the desert are missing, for sedimentary 
rocks, which are resistant to weathering in the desert, 
disintegrate rapidly in the wetter mountains. Stony 
coUuvium, in places a few feet deep, covers most of the 
hillsides and supports a considerable growth of shrubs 
and trees. 

Mount Holmes and Mount Ellsworth, on the other 
hand, are much lower than the northern mountains, and 
they receive only slightly more rainfall than the desert 
around them. Their land forms are those of the desert, 
their soil is thin or lacking, and their vegetation is sparse. 

On all five mountains the porphyry intrusions have 
weathered and eroded m.ore slowly then the sedimentary 
rocks. On Mount Ellen the small masses of basalt at 
the Granite Ridges are severely weathered by compari- 
son with the nearby masses of porphyry. 

Below about 9,500 ft on Mounts Ellen, Pennell, and 
Hillers, the topography is a rather faithful cast of the 
structural forms of the intrusions. Especially good ex- 
amples are the intrusions at Table Mountain (fig. 40), 
Jukes Butte (fig. 105), Granite Ridges, Copper Ridge, 



Ragged Mountain (fig. 42_4), South Creek Ridge (fig. 
32), The Horn, and Stewart Ridge (fig. 48). 

Above 9,500 ft the topography is not at all accordant 
with the structure. The summit ridge of Mount Ellen, 
for example, is a smoothly rounded ridge, transverse to 
several intrusive contacts. Its top, mostly above 
11,000 ft, is a jumble of jagged loose rocks (fig. 25B), 
obviously a product of frost action because none of the 
material is far out of place. The sides of the ridge are 
mantled by slides of the disrupted materials. The 
significance of frost action was recognized a century 
ago, perhaps because geologists of that period perforce 
led hardier lives than we. In 1853 Jukes wrote (pp. 
11,12): 

Anyone who ascends the mountains of our own islands for the 
first time, will often be surprised at the multitude of angular 
fragments and fallen blocks he sees scattered over their summits 
or piled at the foot of their precipices. Of these, many if not 
most, have been detached by the action of frost causing the 
water contained in the joints and crevices to expand and rend 
them asunder, just as in a cold winter's night the jugs and 
water-bottles are apt to be burst by the frost in our bedrooms. 

Frost-riven blocks are abundant on most of the ridges 
higher than about 10,000 ft. The collection of broken 
rock at the surface at these high altitudes diffuses 
runoff and prevents concentrated stream erosion, but 
at lower altitudes, where the drainage is more inte- 
grated, fluviatile erosion is much more active. 

Although in general the topography below 9,500 ft 
conforms to the structure, there are several cxam^ples 
y/here the drainage is superimposed across intrusions. 
Dark Canyon, draining northward from Mount Pennell, 
is incised across the highest part of the Dark Canyon 
laccolith. On Mount Ellen, Dugout Creek is incised 
into the north edge of the Dugout Creek laccolith and 
Bull Creek is incised into the Bull Creek laccolith. 

Although most of the mountain valleys are narrow 
and V-shaped, a large basin, Sawmill Basin, has been 
eroded in the sedimentary rocks in the upper part of 
Bull Creek on Mount Ellen. The presence of this basin 
undoubtedly means that the sedimentary rocks in the 
basin did not include any large intrusions higher than 
those wdiose roofs have been exposed at Log Flat and 
VyTiite Eocks. 

The position of Bromide Basin in the southern part 
of Mount Ellen, and of the valleys of Straight Creek 
on Mount Pennell and Star Creek on Mount Hillers 
are difficult to explain, for they are in the homogeneous 
porphyry of the stocks which would appear to be more 
resistant to erosion then the rock in the surround- 
ing shatter zones that form the ridges. No con- 
vincing solution to this problem was found. Possi- 
bly the valleys began to form when the stock as well as 
the shattered zone protruded into the zone of dominant 
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frost action. The shattered zone, being more jointed 
than the stock, would have been more subject to frost 
action, much more covered by frost-riven blocks, and 
consequently less subject to fluviatile erosion. 

Another curious feature of the physiography^ of Mount 
Ellen is the series of huge m_onoliths along the north- 
west side of Table Mountain (fig. 40). The monoliths, 
six in number, are isolated from one another by talus- 
covered flat-bottomed valleys which locally unite behind 
the monoliths to isolate them from the main mountain 
mass. These monoliths are porphyry and are near the 
steep side contact of the intrusion, but this porphyry is 
not noticeably different from that on the main mass. 

Around Mount Pennell is a series of steeply dipping 
sills that form scarps facing the mountain and long, 
rather steep dip slopes av/ay from the mountain (flg. 
43) . The scarps form a zigzag pattern across the ridges 
and valleys around the m_ountain sides. In places, the 
topography is exceedingly rough as, for example, along 
the southwest side of the mountain, an area that few 
persons visit and that consequently has become a 
favorite rendezvous for wild cattle, deer, and coyotes. 
North of the mountain, The Horn (fig. 46) and other 
laccoliths form ridges and benches not unlike those of 
Mount Ellen. 

The north part of Mount Hillers resembles Mount 
Ellen in having broadly rounded ridges and V-shaped 
valleys that radiate from the high part of the mountain 
(fig. 48). But the south side of this mountain has a 
form distinctively its own. Sedimentary rocks, turned 
up vertically around the stock, form a series of con- 
centric walls broken only by narrow gorges. Narrow- 
crested serrate ridges, cliffs, and rock slides combine to 
form one of the roughest and most spectacular land- 
scapes in the Henry Mountains. The topography 
clearly reflects the structure and from nearby or far 
away, one can plainly see the concentric plan of the 
vertical formations surrounding the stock (figs. 50, 108). 

Rock slides are abundant and conspicuous throughout 
the Henry Mountains, but are especially so on AJ^ount 
Hillers. Many of the slides must have moved cata- 
strophically because their lobes extend hundreds of 
yards onto flat areas. By analog with little avalanches 
in dry sand, the rock avalanches probably resulted 
from down sliding of only the uppermost layers of 
boulders on talus cones. A landslide block moves en 
masse on a sole, but the under boulders of a talus cone 
move chiefly by creep. Sliding of the upper layers 
may be caused by earthquakes, by frost heaving, or 
by oversteepening of the surface by continual accumu- 
lation of boulders. 

The slides in the Henry Mountains appear to be 
ancient because their boulders are coated by desert 
varnish, and fresh rock scars are lacking. Moreover, 



many of the slides, like those on the North Spur of 
Mount Ellen, are not associated with precipitous cliffs, 
but lie on the sides and at the foot of rounded ridges 
(fig. 40). Because the slides are numerous and wide- 
spread, they very likely date from a tim^e v/hen precipi- 
tation was greater and frost action more vigorous than 
now. Probably they are the high-altitude equivalent 
of the talus cones along the canyons (p. 1 68), and prob- 
ably are periglacial features. 

The climate and land forms on Mount Holmes and 
Mount Ellsworth are much like those of the surround- 
ing desert. Mount Holmes is composed largely of the 
formations of the Glen Canyon group, and these cliff- 
forming rocks extend to the very top of the mountain 
dome (fig. 101), The mountam crest is a series of 
dikes that project higher than the massive sandstones 
and form high v/alls, on top of Vv^hich is a series of jagged 
peaks (fig. 102). Canj^ons, like those elsewhere in the 
Wingate, Kayenta, or Navajo, score the mountain 
flanks, but these canyons and intervening areas differ 
from analogous forms in the surrounding desert in 
having their continuity broken by numerous faults or 
minor intrusions. 

An unusual sort of valley — unusual even for this 
region — is formed by the steep headward part of 
Theater Canyon in the upper thousand feet or so on 
Mount Holmes. The valley walls are cliffs, formed by 
parallel prophyry dikes; the bottom is a few hundred 
feet v/ide and in cross section is perfectly flat. It is 
occupied b}^ a sheet of loose slide rock. 

On Mount Ellsworth the formations of the Glen 
Canyon group have been largely stripped from the top 
of the dome, leaving a core of Triassic strata containing 
many sills. Around the base of the mountain are two 
high inward-facing escarpments formed by the Wingate 
and Navajo sandstones. The mountain flanks consist 
of a series of dip slopes. The physiographic symmetry 
of the dome is broken at the south side by the large 
high south- trending ridge composed of shattered sand- 
stone. 

Climbing these mountains is much more difficult 
than climbing the higher northern mountains. As 
Gilbert conservatively stated: 

One may ride to the crest of ivlount EUen and to the summit 
of Mount Pennell; he may lead his sure-footed cayuse to the 
top of Mount Hillers; but Mounts Ellsworth and Holmes are 
not to be scaled by horses. The mountaineer must climb to 
reach their summits, and for part of the way use hands as well 
as feet. 

The Henry Mountains occupy more area today than 
in the past, and probably the3^ stand as high above the 
plateau as they have ever stood. Moreover, as 
erosion is continued in the future,, the mountains will 
cover greater area than now and possibly their height 
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MOUNT HOLMES 
South Spur 




FiotTRE 101— View north across the head of Fourmile Creek to Mount Holmes, from the north slope of Mount Ellsworth. The spurs on Mount Holmes are held up by dikes. 
The Theater Canyon laccolith (.4) is between East and South Spur. Fourmile Creek (B) is in the trough of the syncline between the mountains. On the high ridge 
(C) overlooking the head of Fourmile Creek is a dike and one of the highest gravel deposits in the region. The gravel was deposited by streams draining west, but the 
drainage has been captured by Fourmile Creek and now is east . The resistant formations form revet crags (D) where they rise onto Mount Ellsworth. Tp. is a porphyry 
sili; R, Chinle formation; jw, Wingate sandstone; Jk, Kayenta formation; Jn, Navajo sandstone; Jca, Carmel formation; and Je, Entrada sandstone. Sketched from 
photographs, ^ 




Figure 102.— Dike on the East Spur, Mount Holmes. The part shown is about 12 
ft high. A rock fragment in the medial joint plane settles a little lower with each 
freeze and thaw. 

above the plateau also will be increased. Their stature 
has increased with age because the size and form of the 
mountains is controlled by the distribution of the 
intrusive rocks which are more resistant to erosion 
than arc the rocks of the surrounding plateau. 

That the mountains do occupy greater area today 
than in the past is clear. On each side of Table Moun- 
tain, for example, are rounded, gravel-covered hills 
which are remnants of a thoroughly dissected fanglom- 
erate that was deposited when the drainage was many 
hundreds of feet higher than now. The deposits are 



like the fanglomerate now being deposited where the 
streams emerge from the foot of the mountains. Oak 
Creek was diverted westward when the resistant por- 
phyry of the Table Mountain bysmalith was uncovered. 
Subsequent down cutting has left that intrusion stand- 
ing high above the stream beds so it has become part 
of Mount Ellen. Today Oak Creek emerges from 
Mount Ellen 2 miles north of where it emerged prior to 
the uncovering of the bysmalith. Black Mesa has be- 
come a part of Mount Hillers in the same v/ay. Fur- 
therm^ore, the west front of Mount Ellen v/ill be ex- 
tended a mile or so farther west when the Cedar Creek 
laccolith is fully uncovered. 

Individual hills or ridges, like Table Mountain, 
clearly possess greater relief today than in the past. 
Down cutting on the mountains generally has been by 
incision of streams in the sedimentary rocks between 
intrusions, whereas the top of the intrusions, which 
form ridges, are lowered more slowly. So it seems 
probable that the entire mass also possesses greater 
relief today than in the past. 

The mountains will increase in grandeur and become 
more youthful until the outermost laccoliths have been 
fully uncovered. Thereafter, when the surface has been 
low^ered below the formations into which the laccoliths 
w&ve injected, the mountains Vv^ill be reduced to hills 
held up by the stocks. 

PEDIMENTS AND PIEDMONT GRAVEL BENCHES 

PEDIMENTS AND ROCK FANS 

Around the base of the Henry Mountains are broad 
plains that slope from the mountains and bevel the 
rocks turned up around them. These plains, referred 
to as pediments and rock fans, are the result of erosion 
processes. Gilbert recognized the plains as erosion 
products and, in addition,, he wrote a very clear analy- 
sis of the process of lateral planation by which he be- 
lieved the pediments were formed (1877b, pp. 126-133). 
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The Henry Mountains are as much the type locality 
for pediments as for laccoliths. 

In geological literature the term pediment was 
originally used in its architectural m^eaning to refer 
to certain kinds of steep rock slopes that resemble 
architectural pediments (Dutton, 1882, atlas sheet 5). 
Later, the term was applied to the plains eroded at 
the foot of steep slopes or cliffs (McGee, pp. 92, 110), 
like the plains around the foot of the Henry Mountains. 
Some reports that describe pediments or rock fans in 
various parts of the world are listed in the bibliography. 

Extensive sheets of fanglomerate have been de- 
posited on the pediments around the foot of the Henry 
Mountains, and because of this protection, these 
pediments are preserved long after the m^ain drainage 
has cut below them. Consequent^ there is greater 
area of pediment around the foot of the mountains 
than elsewhere but the pediments are not peculiar to 
the foot of the mountains; indeed, they are character- 
istic of the desert as a whole and are not by any means 
restricted to the foot of the mountains. 

All the streams involved in the process of pediment 
cutting are tributaries of the Colorado Kiver so that 
base level has been intermittently, perhaps even 
continuously, lowered. The lower edges of many of 
the pediments are covered by alluvium, a condition 
characteristic of the pediments in the Basin and Range 
province, but, as will be pointed out, some of the 
pediments were formed without aggradation of their 
lower parts, and the aggradation is not an essential 
part of the process that has operated in the Hemy 
Mountains region. 

The area of the individual pediments ranges from a 
few square feet to a few square miles. Some of the 
larger ones are shown on the physiographic map (pL 18). 
In detail none is a single surface — for example, the 
pediment along the lower part of the tributaries of 
Sweetwater Creek (fig. 99). The divides betvfeen the 
lower part of the tributaries are low rounded hills, 
and the tributaries themselves are in alluvium which 
has encroached upon the hills to produce a panfan 
(Lawson, 1915, p. 33) stage of development. Between 
the alluvium and the more distinct hills a little farther 
upstream are many confluent rock fans, like those 
described by Johnson (1932a, pp. 394-412). Their 
apexes are at the mouths of the little washes draining 
the hills. Within the badlands proper, narrow pedi- 
ments lie between the main drainage and the foot of 
the steep hillsides of the badlands. 

Most of the individual rock fans are small and may 
have been eroded by the lateral planation of the washes 
flowing down them, a process originally suggested by 
Gilbert (1877b, p. 126) and elaborated on by Paige 
(1912, p. 444), Blackwelder (1931, pp. 133-140), and 



Johnson (1932b, p. 650). On the other hand where the 
divides are fully reduced to the panfan stage the entire 
belt becom^es one pedim^ent. It follows, then, that 
whether the pedim.ents were eroded by rill wash (Bryan, 
1922, p. 57) or by lateral planation of the main streams 
(Johnson, 1932b, p. 656) depends upon whether one is 
considering an individual rock fan or a planed erosion 
surface composed of the confluent rock fans. Both 
processes may have operated on the rock fans, but the 
confluent rock fans, the pediments, clearly were not 
formed by the lateral planation of a single master stream. 

Other notable areas of pediments in the desert remote 
from the mountains are located on the southeast side 
of North Caineville Mesa, along the southeast side of 
Sand Creek above South Caineville Mesa (fig. 100), in 
the Lower Blue Hills north of the Fremont River — in 
fact, wherever the weak formations such as the Mancos 
shale, the clayey parts of the Morrison formation, or the 
Entrada sandstone form the surface rocks (figs. 9lC, 
100, 109^, B). It is true that most of these pediments 
are near aUuvium-floored vaUeys, but there are signifi- 
cant exceptions, such as along the belt of Tununk shale 
west of Hansen Creek at Thompson Canyon and to the 
northwest (fig. 109^). This drainage, which is tribu- 
tary to Hansen Creek, crosses the strike of the form^a- 
tions, and dov/ncutting by the stream^s has been retarded 
by the Dakota sandstone. In the Tununk shale, 
upstream from_ the Dakota sandstone, pediments have 
been cut nearly to the foot of the scarp capped by 
stratigraphically higher sandstone beds. These pedi- 
ments do not differ significantly from those whose lower 
edges are aggraded with alluvium. 

The sharp break in slope between the upper edge of 
a pediment and the sides of the badland hills may be the 
consequence of the merging of two slopes conditioned 
by different processes (Gilluly, 1937 ; p. 346) . However, 
the break in slope between the Henry Mountains and 
the pediments at then- base cannot be explained in this 
way because the shape and slope of the m_ountains are 
controlled by their structure and resistance to erosion. 
The break in slope at their base everywhere is controlled 
by the difference in structure and hardness between the 
rocks in the mountains and those at their base and is 
not dependent upon the erosion process. 



FANGLOMERATE 



Around the foot of each of the mountains are exten- 
sive deposits of gravel transported from the miountains 
and deposited in valleys or across pedim^ents that have 
been eroded by the drainage of the desert. These 
deposits constitute im_pressive plains which in places 
extend for several miles. Near the mountain front 
these plains commonly slope as much as 600 ft per mile, 
but 3 miles from the front the slope commonly is about 
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200 ft per mile and 6 miles from the front the slope 
commonly is about 100 ft per mile. These gravel 
benches provide some of the best grazing and agri- 
cultural land in the area. 

The gravel in these deposits is composed principally 
of porphyry or indurated sedimentary rocks derived 
from the m^ountains. The boulders differ greatly in 
size. Near the mountain front m_any are several feet 
in diameter. Away from the mountains, the average 
size diminishes, the proportion of fine debris increases 
and very large individual boulders become scarce. 
Tliree or four miles from the front individual boulders 
more than a foot in diameter are not common. These 
are the kind of deposits for which Lawson proposed 
the term fanglomerate (1913, p. 329). 

The origin and the form of the fanglomerate are quite 
different from the terrace gravels along the rivers and 
their tributaries. The terrace gravels arc flood-plain 
deposits and their origin was clearlj^ described by 
Gilbert (1877b, pp. 126-127): 

* * * downward wear ceases when the load equals the 
capacity for transportation. Whenever the load reduces the 
downward corrasion to little or nothing, lateral corrasion becomes 
relatively and actually of importance. The first result of the 
wearing of the walls of a stream's channel is the formation of a 
floodplain. As an effect of momentum the current is always 
swiftest along the outside of a curve of the channel, and it is 
there that the wearing is performed; while at the inner side of the 
curve the current is so slow that part of the load is deposited. 
In thjs way the %yidth of the channel rem_ains the same while its 
position is shifted, and every part of the valley which it has 
crossed in its shiftings comes to be covered by a deposit which 
does not rise above the highest level of the water. The surface 
of this deposit is hence appropriately called the floodplain of the 
stream. The deposit is of nearly uniform depth, descending no 
lower than the bottom of the water-channel, and it rests upon a 
tolerably even surface of the rock or other material which is 
corraded by the stream. The process of carving away the rock 
so as to produce an even surface, and at the same time covering 
it ^v ith an alluvial deposit, is the process of planation. 

Excellent illustrations of this process may be seen 
along Trachyte Creek near the Trachyte Ranch (fig. 
9lD) and downstream where the canyon bottom is in 
the Navajo sandstone; and along Bullfrog Creek where 
it crosses the Morrison formation, the Summerville 
formation, and top of the Entrada sandstone. Along 
each stream, gravel deposits a fevf feet thick cap an 
eroded plain a i&w hundred feet wide in which the 
meanders of the streams have becom_e entrenched. The 
flood plain, and the planed surface cut on the bedrock 
beneath the gravel, are nearly level transverse to the 
valley. 

The gravel in the fanglomerate around the foot of the 
mountains on the other hand, was deposited by streams 
that are not responsible for the erosion of the bedrock 
surface on which the gravel rests. There is little or no 
erosion by the mountain streams where they emerge 



onto the desert for these streams are primarily trans- 
porting coarse debris from the mountains to the desert. 
The piedmont bedrock surfaces are eroded by the 
desert streams and the deposition of the gravels occurs 
as the result of diversions of the graded or aggrading 
mxountain stream^s into valleys or onto pediments 
already cut by the desert streams. 

DKAINAGE On THE PEDIMENTS 

Most main streams have gradients that are less steep 
than the gradients of their tributaries, but the main 
streams draining the Henry Mountains, where they 
emerge from the mountains, commonly have steeper 
gradients than their tributaries (fig. 106). This is 
because the tributaries rise within the desert and are 
cut only in fine-grained material Vv^hcreas the main 
streams, after leaving the m.ountains are weakened by 
evaporation and seepage losses, and, where they enter 
the desert, their courses are choked with coarse debris 
transported from upstream. They are therefore agents 
of aggradation, not degradation, in the piedmont belts. 
Degradation around the foot of the mountains is 
accomplished by the tributary streams. 

One of the principles involved in this explanation was 
stated by Rich (1935, pp. 1002-1003): 

* * * where rock waste is plentiful a surface cannot be 
lowered below a gradient sufficient to permit the transportation 
of that waste; where v/astc is supplied to an area from outside 
that area, though it may be only a thin veneer, if it is con- 
stantly renewed it serves as an effective blanket to protect the 
underlying rocks from erosion below a gradient sufficient to 
permit the transportation of the debris across it; and, other 
things being equal, the necessary gradient depends upon the 
size of the particles to be transported. 

The faster cutting by tributaries leads to repeated 
stream piracies by which the main stream is diverted 
first into one tributary and then into another. A main 
stream that is diverted into a tributary valley has its 
gradient steepened at the actual point of capture, but 
the stream immediately emerges into a valley that has 
a lower gradient than the main stream above the pomt 
of capture. The now, therefore, is retarded and a 
gravel fan is built along the nevf course. The slope of 
this fan is greater than the slope of the tributary valley 
and is determined by the size and qua,ntity of debris 
that mjjst be m_oved. Across such aggrading fans the 
newly diverted stream has a braided pattern, but this 
evolves to a nearly parallel, consequent-like drainage 
when the slope of the fan has been built to grade. 

Fortunately it is not necessary to reconstruct an 
hypothetical sequence of events to explain the features 
observed. The entire process is illustrated abundantly 
by present-day examples of each of the different stages 
along practically every stream draining from the m^oun- 
tains. This process is the same as that operating at 
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the foot of the Book CMs, 75 miles north of the Henry 
Mountains (Hich, 1935). 

STREAM DIVERSIONS ON THE WEST SIDE OF MOUNT ELLEN 

A series of views and maps (pi. 19) has been sketched 
to illustrate some of the drainage changes west of 
Mount Ellen. The drainage is transverse to the 
strike of the formations (fig. 103i?) and the streams 
are tributary to Sweetwater Creek, so they have a 
common base level 5 to 6 miles west of the mountain 
front. The succession of diversions and the deposition 
of the gravels have occurred while Sweetwater Creek 
has cut downward about 200 ft to its present position. 

During stage 1 Sweetwater Creek was above the 
Emery sandstone in an open valley like the present 
valle^^ west of King ranch. The older gravels vfere 
deposited on pedim^ent surfaces. The most extensive 
gravel was deposited by Dugout Creek during stage 3, 
and was laid down on the pediment that was formed 
during stage 2. Monadnocks of the Emery sandstone 
protrude through this gravel near its north edge, but 
the Ferron sandstone is smoothly beveled and con- 
cealed beneath the gravel. The apex of the gravel fan 
is only 20 ft higher than Dugout Creek where the creek 
emerges from Mount Ellen, and at the apex several 
abandoned, beheaded channels, only 10 ft above the 
creek, mark old courses onto the fan. For three- 
quarters of a mxilc dovfnstream from this apex, Dugout 
Creek has a gradient of 500 ft per mile v/hereas its 
former course on the stage 3 gravel had a gradient of 
about 400 ft per mile. Farther downstream, however, 
the gradient of the creek is less, and along the south side 
of section 22 Dugout Creek is aggrading its channel 
to the level of the abandoned stage 3 surface, to which 
it returns a little farther downstream. 

Dugout Creek is threatened with further diversion 
at two places. Another tributary of Sweetwater 
Creek has eroded a deep mature valley about 100 ft 
lower than Dugout Creek northwest of Steele Butte. 
This valley is nearly free from gravel, but when it has 
been extended another half mile Dugout Creek will be 
captured and will deliver its supply of gravel into the 
new valley. This diversion will probably be hastened 
by Dugout Creek itself, which is an aggrading stream 
north of Steele Butte. The other point of threatened 
capture is at the mountain front where a tributary 
of Dry Wash heads a short distance north of Dugout 
Creek. However, the channel of this wash contains 
considerable reworked gravel, so this stream may not 
have the advantage necessary to capture Dugout Creek. 
Cedar Creek is threatened with diversion both north 
and south of where it emerges from the mountain 
(fig. 104). Both of the threatening streams are in 



youthful valleys, but the one to the north has less re- 
worked gravel and consequently has cut more deeply 
than the one to the south, so it has the advantage. 

The tributaries of Sweetwater Creek that diverted 
South Creek around the south side of Steele Butte 
between stages 3 and 4 cut a fairly wide pediment in 
the vicinity of King ranch, and the pediment was 
aggraded with fanglomerate when South Creek was 
diverted onto it. This gravel surface now divides 
South Creek from, another tributary of Sv/ectv/ater 
Creek farther upstream^ that has cut its gravel-free 
valley considerably lower than South Creek, but di- 
version of South Creek into this valley is not imminent. 

Some high gravel deposits, shown on the map (pi. 18) 
but omitted from plate 19, are located south of South 
Creek, and east of the outcrop of the Emery sandstone. 
They probably mark an old course to the west from 
which the stream was diverted northward to the stage 
1 position shown in plate 19. 

Along Sweetwater Creek, south of King ranch, some 
gravel deposits are more extensive laterally than the 
usual flood-plain deposits in this region, but they are 
restricted linearly to this one part of Sweetwater Creek. 
They may have been deposited when Sweetwater 
Creek eroded headward through Stephens Narrows 
and captured a fork of Bullfrog Creek, which then 
drained the South Creek Ridge. The capture took 
place near the south line of sec. 13, T. 32 S., R. 9 E., 
and the robbing stream now flows 100 ft below the 
wind gap at the head of the fork of Bullfrog Creek. 
This diversion is startling. Whereas the water that 
formerly flowed down that fork of Bullfrog Creek took 
the most direct route to the Colorado River, it now 
goes several times as far and makes a nearly complete 
circuit of the Henry Mountains. The diversion v/as 
probably caused by Bullfrog Creek being loaded with 
coarse debris brought to it by tributaries oflP Mount 
Pennell and Mount EUen, whereas Sweetwater Creek 
had to transport only the fine debris derived by head- 
ward cutting through the Cretaceous sandstone and 
shale. 

STREAM DIVEESIONS ON THE NORTH SIDE OF MOUNT EILEN 

The widespread gravel deposits north of Mount 
Ellen were deposited in valleys and on pediments cut 
by streams flowing more or less along the strike of the 
formations. The streams flow to the Fremont River, 
so they have a common base level 12 to 15 miles north 
of the mountain. The conditions differ from those 
west of the mountain in that the local base level is 
twice as far from the mountain, and the drainage is in 
strike valleys rather than across the structure. But 
the kind of formations and the kind of gravel being 
brought onto them from the mountain are the same as to 
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PiouEE iu;5.—-c Travel covered pedlmeats at the foot of Mount Ellen. /I, View narlheast across the dissected north &6ge of the Birch Creek Benches. The gravel is fi lo 10 ft thick and lies on a pediment 
eroded In Tnnunt shale member of the Mancos shale, B, View south across the Doprotir Cre^k Benches, Sandstone hills protrude through the gravel, which is about 25 ft thick. 
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FrotfBE 104.— Oblique view eastward up the Cedar Creek Bench on the west side of Mount Ellen. Cedar Creek is perched on the bench^ but tl Is threatened with capfure by the valleys that have been crodpcl 
considerably below the bench on ttie north and south sides. T^ Table Mountain bysmallth; Ci, Cedar Creek ^accoUthi P, Pistol Ridge laccolith. Photocraivh by FalrchUd Aerial Surveys, 
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the wnst, and the resulting complex scries of drainage 
divefsioiis is cntuelv ooinparablo to tliat west of the 
mountain. 

The main gravel bench of Oak Cre(4i has its a]Jex 
about 2 miles noilliwesl of Table Mountain. The 
giavel deposit is a mile wide and extends more than 3 
miles downsticam. It was tlepositcd on a surface, 
pi-obably a pediment, cut on the Blue Gate shale. 

As shown on plate 20, Oak Creek emergas from the 
mountain at the apex of this gravel fan and flows 
northward in a shallow ehaimel for* half a mile and there 
tiuns sharply west where it has been captured ]>v a 
tributaiy of Sweet wafer Cieek. Oak Creek h now 
aggrading the valle\' of the stream that captured it, but 
probably will not continue in this couise very long, for 
it is thieatened with imminent capture^ by two tribu- 
taries of Town Wash wliich have cut 75 to 100 ft below 
the main Oak Creek bench on the east and west sides. 
These lower valleys are pediments, partly giavel-frec, 
whose lower edges are covered with alluvium. 

An extensive pediment has formeil along the west 
side of the main Oak Creek bench (pL 20), and it needs 
but little extension l>efore the stream that is cutting 
it will capture Oak Creek. It then will become the 
dumping groTind of the graved being moved by Oak 
Creek. The streiun flowing on the pediment east of 
the main Oak Creek bench already has a tributary 
only a stone's throw^ from the channel of Oak Creek, 
and the divide lietween them is only 10 ft high. How- 
ever, as this tributary is an old channel in the gravel, 
it probably does not have the advantage necessar3^ to 
captuie another stream, for its coui-se is nearly as 
choked with gravel as the chanriel of Oak Creek, 

Birch Creek emerges from Mount Ellen south of 
Jet Basin and flows onto a gi^avel bench IJ^ miles wide 
and 4 miles long. The gravel hes on a ped tment surface. 
Remnants of this gravel and tht^ underlying pediment, 
or other gravel-covered pediments at ver3^ nearly the 
same level, extend 6 miles farther north (fig. 103^), 
but 2% mil{?s from the mountain Birch Creek recently 
has been diveited westward into a lower, giavti-free, 
youthful valley cut in the Tununk shale. The creek 
is actively aggrading the new^ valley wliich rejoins the 
old coui^se 2 miles northeast of Beit Avciy Seep. 

Along Coaly Wash and its larger tributaries alluvium 
has been deposited, but between the streams only a few 
small hihs of bedix)ck remain and bi-oad areas ure 
eroded to a plane surface. There is very little gi-avel 
in these washes or on the pediment. 

Bil'eh Ci'cek is being threatened with cap t me by 
Coaly Wash which has eroded deeply into Jet Basin 
dome 400 ft below the channel of Birch Creek. A 
narrow divide, only 20 ft high, is all that keeps Buch 
•Creek in its perched chaimel. 'V^Titin the divide is | 



l)roken and Birch Creek is diverted into the gi^avel-free 
vallej^ of Coaly Wash, the wash will become aggj^aded 
with giavel. Given time this gravel vn\l build a fan 
progressively farther down the valley until it spreads 
ovcj' the alluvium and pediment along the lowei' part 
of Coaly Wasih 

Birch Creek may also I)e diverted into Nazer Canyon 
al)ove Bacon Slide where Birch Cieek flows on top of 
the Ferron sandstone. The creek in Nazei' Canyon is 
200 ft lower, at the foot of the sandstone scarp. At 
this place a divide, only 9 ft high, keeps Birch Creek 
in its channel; when this divide is lyreached Bkch Creek 
will become a tributary of Bull Creek. The conditions 
affecting diversion here, however, dift'er from those 
beyond tlie fi-ont of the mountain in being conti^oUed 
largely by the stiiicture of the bedrock. 

During stage 1, BuQ Creek (pi. 20, fig. 105) flowed 
on a pediment on which the creek deposited gi^avel for 
at least 2 miles north and 2J^ miles east of the place 
where it emerged from the mountain. YUmn Bull 
Creek flowed on this sm^face it probai>ly draincKl into 
thci Dirty Devi] River via either Beaver Wash ov Dry 
VaUey but was diverted westward (stage 2) and has 
since joined the river \ia Diy Valley or Haidvsvillc. 
At the present time flood water may go either way. 

The gravel surface on whi(^h Bull Creek now^ flows 
has been buUt practically to giade, but along the west 
edge of the gravel, tribiitaries that have lower gradients 
have cut their beds mea sural >ly below Bull Creek. In 
the SW)i see, 17, T. 29 8., it. 11 E., a giavel-free 
tri])utary has a chann(J 14 ft lower and only 50 ft west 
of the gravel-clogged chiuinel of Bidl Creelv. McClel- 
lan Wash, another tributaiy , has cut considerably lower 
and if a pediment that has fonned along it (fig. 106) is 
extended only a short distance, the wasli will c^apture 
Bull Creek, which will then aggrade the pediment. 
The head ward part of McCleUan Wash is a youtliful 
valley about to captiri-e Nazcr Cretik (fig. 1140). 

The total area drained by McCleUan Wash is only 
about 2 sq mi and practically all of it is in the l>elt of 
low precipitation. Bull Creek on the other hand 
drains nearly twenty times as mucli area, about half of 
which is on Mount Ellen where the precipitation is 
considerably greater. Where the two streams are side 
by sid(^ the bedrock and structure are the same. But 
while Bull Creek has been at grade or aggrading its 
graveJ-laden course, McCleUan Wash, with orUy an 
0(*casional flow of water, has been cutting downward 
in the soft Man cos shale. 

STREAM DIVERSIONS ON THE EAST SIDE OF MOUNT ELLEN 

The streams draining the east side of Mount EUcn 
flow al>out 10 miles across the strike of the formations 
to the heads of the large canyons cut into the resistant 
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FinimE 105,— Oblique vlt^w sotith up the benches at the momh of Bull Cr<M?k. Thp creotc has been fli verted wi^stward ofl the high benehos and Is aEj^rading the lower benches on which it now flows, Several of the 
desert washes on each side of Bull Creek have cut their channels lower than the erect and threaten It with capture. Boll Mountain bysmalUh forms Jukes Butte. Photograph by Fairchilds Aerfal Surveys. 
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riGTTSE 106.— Map and profile of Bull Creek and tributaries north of Fair view. The 
channel of Bull Creek is clogged with coarse gravel from Mount Ellen, The 
tributaries are free of gravel and are cut lower than the main stream. Data from 
stadia traverse. 

sandstones of the Glen Canyon group. These canyons 
are tributary to the Dirty Devil or Colorado Eivcrs, 
but base level, insofar as it affects the drainage near the 
mountains, is probably controlled primarily by heads 
of the canyons where the streams enter the outcrop 
of the Navajo sandstone. 

The formations east of Mount Ellen differ in several 
ways from those north and west of the mountain. The 
Entrada sandstone, an easily eroded, earthy sandstone, 
comes to the surface in the Crescent arch, and also 
farther east along the road from Trachyte Ranch to 
Hanksville. Between the two Entrada outcrop areas 
is a belt of resistant rocks, belonging to the lower part 
of the Morrison formation. The Entrada is easily 
eroded to a surface of low rehef whereas the resistant 
beds in the lower part of the Morrison form cliffs and 
high hills. The gravel swept onto the desert from the 
mountain is widespread in the belts of Entrada out- 
crop, but is restricted to narrow strips in the belt of 
Morrison outcrops. Nevertheless the deposition of 
gravel in these belts has been accompanied by numerous 
drainage changes of the type aheady noted along the 
north and west sides of Mount Ellen. 

Granite Creek and the Poison Spring Benches. — 
Granite Creek originally flov/ed eastv/ard across the 
central part of T. 31 S., R. 11 E. to the Poison Spring 
Benches and into the Dirty Devil River by way of 
Poison Spring Box Canyon, Extensive gravel deposits 
were laid down at the Poison Spring Benches on pedi- 
ments eroded in the clayey beds of the Morrison 
formation near the middle of the syncline, and on the 
Entrada sandstone 2 to 3 miles north of Eagle City 
(pi. 18). These gravel deposits are at several levels 
and they record numerous minor diversions of the 
streams. While these gravel deposits were being 
laid down a tributary of Beaver Wash eroded headward 
past Reservoir Basin along the northwest edge of the 
graveL Granite Creek was captured by this tributary 
of Beaver Wash and aggraded its flood plain with 



gravel as far north as the Granite Ranch. As a result 
of this diversion Poison Spring Box Canyon, the largest 
western tributary of the Dirty Devil River, now 
receives no main drainage from the Henry Mountains. 

Since Granite Creek abandoned its course on the 
benches, the tributaries of Poison Spring Box Canyon 
have cut 100 ft below the level of the benches, and 
a pediment has been formed at Lone Cedar Flat. 
Butler Wash, rising at the edge of the mountain a mile 
north of Eagle City, is now aggrading the north part 
of the Lone Cedar Flat pediment. 

North Wash drainage.— K pediment eroded on the 
Entrada sandstone east and northeast of Eagle City 
was aggraded by Crescent Creek and Butler Wash. 
Butler Wash has contmued to now across the gi'avel 
bench and Crescent Creek probably once joined 
Butler Wash in flov/ing northeastv>"ard to Poison Spring 
Box Canyon. But Crescent Creek now flows in a deep 
valley cut in the gravel near its southern edge (pi. 18). 

The pediment on which this gravel was deposited 
ended eastward against the scarp produced by the 
sandstones in the lower part of the Morrison formation. 
The streams had narrow gorges through these hard 
beds, but their valleys widened again in the clayey 
beds of the upper part of the Morrison along the axis 
of the syncline east of the Crescent arch. Pediments 
were also cut here and gTavel was deposited on them by 
Crescent Creek when its course w^ent directly east near 
Egypt. 

Crescent Creek was diverted southward from its 
eastward course by a tributary of Copper Creek whose 
course was in the clayey beds of the Morrison, near the 
axis of the syncline. A small pediment that had 
formed along this pirate stream was aggraded when 
Crescent Creek was diverted onto it. 

A gravel-capped ridge southwest of the Lawler-Ekker 
placer is higher than the main Eagle bench and its 
surface rises towards Copper Creek. The gravel 
was presumably deposited by Copper Creek at a time 
v/hen it flowed northeastward past the site of the 
placer m^ine. 

STREAM DIVERSIONS AIONG TRACHYTE CREEK DRAINAGE 

Extensive gravel deposits near Straight Creek slope 
eastward from the foot of Mount Pennell and merge 
with deposits sloping northward from the foot of 
Mount HiUers. The gravel was deposited on pediments 
that locally truncate the Ferron sandstone as well as the 
shale stratigraphically above and below that sandstone 
(pi. 18). Although a series of minor diversions is 
recorded by the several levels of gravel on these exten- 
sive benches the main drainage seems to have con- 
sistently gone to Trachyte Creek. 

Another series of minor diversions is recorded by 
the gravel deposits north of Black Mesa (fig. 107). 
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Figure 107 —Map showing gravel deposits and di-ainage in the vicinity of Trachyte Ranch. 



The streams drainmg Speck Canyon and Black Canyon 
originally joined and flowed eastward between Trachyte 
Mesa and Black Mesa but they were diverted north. 
Black Canyon's present course is across the porphyry 
of Trachyte Mesa, but this course is thi^eatened with 
capture by the desert washes on the hummocky plain 
of the Entrada sandstone northeast of Black Mesa, 
for these washes are lower than the valley of Black 
Canyon and are separated from it by only a narrow 
gravel-capped ridge. 



During the form^ation of some of these surfaces 
Trachyte Creek widened its valley by lateral planation, 
built flood-plain deposits 6 to 8 ft thick, and then cut 
60 ft through these deposits mto the underlying bed- 
rock. A superb series of gravel-capped, rock terraces 
now Ime the entrenched meanders (fig. 91D), The 
material comprising the flood-plain deposit is similar 
to the material that makes up the fanglornerate depos- 
ited on the pediments or on the less mature erosion 
surfaces. 
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STREAM DIVEESIONS ALONG OOLB CREEK 

Gravel deposited by Gold Creek and other nearby 
streams draining the oast side of Mount Hillei^ covers 
Hbont 6 8q mi, and nearly half that area is being actively 
aggi^aded by Gold Creek at the present time, producing 
a huminocky, fan-shoped surface interrupt ed by inonad- 
iioeks (fi^. 50). 

Gold Creek emei-ges from the mountain in a shallow 
channel that becomes braided three-quarters of a mile 
from the foot of the moimtain. Some of the cliannels 
of this braided stream diverge downstream and ^o into 
three widely separated canj^ons tributary to IVaehyte 
Cit^ek. In 1939 the more northern distributaries car- 
ried flood water into Trail Creek, Distributaries lead- 
ing to Woodruff Canyon cairied water except dmii^ 
low stagers, and the mab\ ehaimel went southwaTd oft* 
the fan to the canyon of Star Creek. 

This aggi'aded surface ends at tlie rim of an escarp- 
ment ov^erlooldng low (^oimtry to the east. The main 
•channel of Gold Creek is a deep gorge through tliis 
escarpment, but the dtstiibutaries that cross it at Wood- 
ruff Spring are in small washes. Trail Creek, however, 
not only has a gorge through the escarpment, but in 
addition lias eix)ded a deep muTOw valley along the 
north oflgo. of the aggraded plain. 

Trail Creek rises in tlic high part of Moimt Hillers 
but does not drain a large area of porph>Ty intrusions. 
■Consequently the chamiel of Trail Creek contains 
oidy a moderate quantity of coai-se debris whereas the 
channel of Gold Creek and its distributaries are clogged 
with boulders. 

Rmuiants of gravel deposit-s higher than the main 
bench of gravel along Gold Creek foini The Hogback 
and foj'm small benches at various hovels along t lie foot 
of the mountain. 

STREAM DIVKKSIOJSS ON THE SOUTH AND SOtJTHWEST SIDES OF MOCWT 

SILLEES 

The magnificent group of gi-avel-eoveied pediments 
south and southwest of Mount Hillers are well worth 
the v^i(;issi tildes of a pack-train trip that is necessary 
to see (hem (fig. 108). The deposits and the pediments 
on which they rest are among the most extensive in 
the whole area, and reveal an unusually complete 
sequen(*e of drainage changes. Moreover, they show 
present-(Uiy examples of nearly t^vury stage of the 
proct^s. Oidy the barest outhne of the drainage his- 
tory is indicated in the diagrammatic views arid maps 
on plate 21. 

Pediments that arc being extended today cover 3 
sq mi of the Tuntmk shale between Thompson Canyon 
and the mouth of Copper Creek (fig. 109A). A smaller 
pediment is being formed betw*een the Feiron sand- 
:stone and the main Copper Creek bench just above 



where the creek has been tli verted westward from the 
bench. The washes cutting this pediment have gi^a- 
dients that are less than that of Copper Creek iind the 
washes have out <'onsiderably below the level of the 
Copper Creek bench. Another lialf square mile of 
pediment has formed in the Blue Gate shale southeast 
of Cow Seep (fig. lOOi?). A naiTow divide, in places 
almost breached, separates the pediment from Salcratus 
Wash, but the pediment is little if any lower than the 
wash. However, the pediment is cut considerably 
below and tlneatens to caplure the tributary of Salera- 
tus Wash that heads near Squaw Spring and that 
drains the gravel -covered hills northeast of the pedi- 
ment. Still another moderately large pediment is 
located at the head of the dry wash 2 miles west of 
Cow Seep. It covct-s half a square mile in the Mancos 
at considerably lower level than the washes on the 
gravel bench to the e^st. 

All these pediments are free of gravel and each is an 
illustration of the rapidity of (^rosion by even the driest 
desert washes where they are eioding weak formations. 

Streams whose channels are clogged with coarse debris 
at sevcnJ places are threatened with diversion onto 
giavtil-free pediments or into gravel-free channels of 
other streams. A stream rising at the foot of Mount 
Hillers flows down the north edge of the gravel deposit 
til at slopes west from Indian S[>j'ing. A few hundred 
feet to the north is a httle tributaiy wash, draining 
scarcely 50 acres, but this wash has cut many feet below 
the stream chaimel on the gi^avel, and the divide be- 
tween them is so low that any large flood may l)rcach it. 

The streams that flow on the pediment southeast of 
Cow Seep are about to capture the wash that heads 
near Sqiuiw Spring. Also, the youthfid valleys drain- 
ing to the pediment west of Copper Creek arc about to 
capture some of the washes that lise against the moun- 
tain west of Copper Creek. 

These gravel-free pediments or valleys will l>ecome 
aggiaded when the streams transporting coarse del>ris 
are diverted onto them. There are seveial examples 
where aggradation is actually taking place. Half a 
mile west of Woodruff's cabin, a small area is being 
aggraded as a result of recent diversion, producing a 
xcvy rough surface of fiesh gravel in hummocks and 
nattu-al levees along distributaries of thts aggi-ading 
stream. Star Cr(iek emerges from the mountain at the 
apex of a large fan wluch is still being aggraded. Star 
Creek, like Gold Creek, is one of the principal streams 
thinning Mount Hillcis, but after leaving the moun- 
tain , it follows no well-defined channel. Its water is 
distributed to the three forks of Star Creek that do not 
join until they enter the canyon north of Mount Holmes. 

When aggradation has increased tlie slope of a sm^- 
face so that the available water can transport the debiis 
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FmiTRE lOS.—Obllque ^lew of the southwest side of Monot Hlllers. In the foreground are the benches around Indian Spring and Sciunw Spring; to the rl^ht are the Copper Creek Bonehesand the Gold Crepk Benches, 
Turned up around tho Mounfc Htllors stock and the shatter Kone ts the entire section of sedimentary rocks from Permian to Crtitaoeous, nit hough only the Ilght-cclored Kavajo sandstone is conspicuous. 
Photograph by Fairchild Aerial Surveys. 
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FlOHRE 100.— Pediments In the southern purt of the basin. At Pedlmeiit In Tununk shale at the foot cf the escarpment capped by Ferron sandstone^ both members of the Mancos shale. Vlsw is northwest ne^r the 
heitd of Thompson Canyon. B, View southwest across ii gravel-fres pediment developed In Blue GatjO shale iTiembcr of Mancos sh?ilo, hsilf a mile southeast of Cow Seep, C, View north across the Emvel-eoveTed 
pediment a mllo northeast of Lost Spring. This part of the pediment is being aggraded. I), View southeast across the Star Creek I3onrhes. The llght-gmy s-^indstono turned up around the foot of Mount Holmes 
ts NaraJo» The benohes aie gravel-covered pediments cut tn Entnda sandstone. Photograph by J. W, Grieg, 
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the stro^nn is ^ratled. Several of the streiuns hi the 
Ticinity of WoodriifT^s cabin, inehiding part of Copper 
Creek, have approximately reached ^radc and flow in 
shallow ehaiinels across the grarel phiiii. However, l>y 
the time a stream has been graded other neigiil)oring 
washes are deeply incised aroimd the margin of the 
graded surface and may thereby rejuvenate the graded 
stream and cause its incision into the gravel and under- 
lying rocks. Such a sequence of events is taking place 
along the str(^am draining from the mountain half a 
mile west of Woodruff's cabin and along the lower parts 
of the streams that drain the high giavel deposit 
t^outheast of Squaw Spring. 

STREAM DIYEIBSIONS ALONG THE LOWISK FAST OF STAR CREES 

A group of gravel-covered erosion surfaces lie along 
ca(*h side of Star Creek 2 to 3 miles northwest of Mount 
Holmes (fig. 1092)). Most arc in the outcrop belt of 
the Entradn sandstone, which fonns a broad valley 
between Mount Holmes and the eastward-facing sciu-p 
of the Morrison foiiiiation. However, some of the pedi- 
ments extend westward into the belt of the Morrison 
and otluTs extend southeastward across the Navajo 
sandstone onto the noj thwest flank of Mount Hohnes. 
The lower ends of the surfaces aie lotrated whcr(^ the 
creeks enter canyons in the outcr-op of the Navajo 
sandstone. 

Thcsci pediments were involved in a series of stream 
diversions reseml)Iing those obscned elsewhere around 
the Henry Mountains, but the erosion history of this 
valley is (complicated by outside factors, because Star 
Creek has (iiitered this valley by tln^e different ways 
as a result of diversions at the foot of Moimt Hillers. 
It is difficult to distinguish between these major diver- 
sions of Stai' Creek and minor drainage diversions 
within the Entrada vaUoy itself, 

STREAM DIVERSIONS AEOUKD MOUNT EttSWORTH 

On the nortiiwest side of Mount Ellswoilh^ along 
the streams tributaiy to the upper part of Shoo taring 
Creek, is a series of gravd-capped erosion snrfac^es that 
resemble those along the lower part of Star Creek. In 
general, this drainage has been shifted southward as a 
result of a series of captures. 

Nowater Creek is aggrading its valley at the foot of 
the SuimnerviUe-Morrison scarp. A former coiu^si^ 
northward to Dehnont Creek is marked by a wind gap 
at the head of the valley between the two high gravel 
benches that form the divide between the creeks. 

One of the highest piccbnont gravel deposits in the 
region is located in the belt of Entrada just north of 
Dehnont Creek. It is several hundied feet higher than 
the tributaries of Shootaring and Star Creeks and its 
eastern and momitainward end is a thousand feet liighci* 



than the head of Fominile Creek (fig. 101), which has 
eroded headward between Momits Ellsworth and 
Holmes to captm^c drainage that fonnerly went west 
to Shootaring Creek. 

Along Lost Spring Wash and its tributaries, within 
the belt of Entrada sandstone, gravel deposits cover 
a jilain 4 sq mi in atca, The western edge of this 
gravel is being dissected wliile the central part is 
being aggraded (fig. 109C), At the foot of the moim- 
tain llie slope of the gravel is steep and the streanis 
are in weU-deftned channels, some of wliich are being 
actively eroded. Downstream, however, the slope of 
the surface decreases and the stream chamiels become 
more shallow, branch into distril)utaries, and almost 
lose their identity in the belt ol aggradation. Mean- 
while, a tributary of Lost Spring Wash has cut deeply 
into the Entrada sandstone around the edge of the 
gravel at the foot of the Summerville-Mon-isou seaip, 
and youthful valle>^ tributary to it are cutting head- 
ward into the lower (^dge of the gravel. 

The streams on the south(^ast side of A fount EUs- 
w^orth formerly chained across the liigh gravel bench 
toward Sevenmile Canyon but were diverted southward 
toward Smith Fork by a valley that eroded headward 
from a place near Paulos Tanks. This diverting 
stream eroded its valley in resistant sandstone forma- 
tions but captured the earlier drainage and is now 
being aggraded with coarse debris from the mountain 
(fig. 110). The south fork of Ticaboo Creek, which 
diains only a small part of the momitain and is com- 
paratively free of gravel, is incised into the same forma- 
tions nearly a thousand feet lower (pi. 17) than the 
headward part of Smith Fork. 

CONCLUSIONS 

Gilbert, in his report on the Hcmy A fountains, 
was the fii^t to recognize clearly that the gravel- 
covered plains around the foot of desert mountains 
are a product of stream erosion, and his report was the 
first to offer a rational explanation of their origin. 
He observed some indisputable examples of lateral 
planation along several of the main streams, for 
example, along Tracliyte and Bullfrog Creelcs, and be 
concluded that lateral corrasion was the cause of the 
extensive pediments. According to his hypotlicsis 
the gravel on each erosion sm*facc was deposited wliile 
the surface was being cut and was deposited by the 
same streams that did the cutting. 

Lateral planalion by main streams has operated in 
the Hemy Mountains region, but present-day pediments 
arc being formed only along those streams that are 
not transporting coarse materials. Moreover, gravel 
is deposited on these pediments only when gravel- 
laden streams arc diverted onto them. The gravel 
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FioiTEE lie— Oblique view of the southeast side of Mount Ellsworth. The drainagr in the lower right quadrant formerly went to the right but was diverted towar<is the observer. The new course is being aii^graded; 

note the braided and rllsiTlbutary drainage. Left of Mount Ellsworth is the gravel-covered pediment nt the head of Lost Spring Wash, The light p'ay sandstone is Nava]o. Photograph by Fairchlld Aerial 
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deposits on the pediments are not related to the process 
of plana tion. Deposition of the gravels on the pedi- 
ments was, and stiU is, wholly unrelated to the process 
of planation and the deposits are distinctly younger 
than the erosion surfaces on which they rest. These 
conditions dupUcate those along the front of the Book 
Cliffs, where the processes, as described by Rich (1935), 
appear to have been identical to those that have 
operated around the Henry Mounta,ins. 

In brief, the condition is dependent upon the fact 
that the streams rising around the foot of the moim- 
tains arc primarily degradational, whereas those issuing 
from the nioimtains become primarily aggradational 
in the piedmont belt. 

The streams that rise in the moimtains arc laden 
\nth gravel. When, as frequently happens, the moun- 
tain course of one of these streams is brought to flood 
stage, the flood ebbs rapidly away from the mountain 
front because of seepage and evaporation. The 
large quantities of coarse gravel being moved by the 
flood therefore must be deposited by the ebbing flow. 
The distance traveled by the flood water varies with 
each storm, but the floods in the mountains can be 
maintained across the desert only when the desert 
also is rained upon. Evidently along each Btream 
draining the mountains there is a foothiU zone where 
aggradation is dominant. 

Streams rising within the desert between the streams 
that drain the moimtains are not subject to such 
aggradation. Furthermore, these desert streams flow 
across fine-grained sedimentary rocks and the fine- 
grained detritus from those rocks can be transported 
dowa lower gradients than can the gravel in the channel 
of a moimtain stream. Thus, as agents of erosion, 
the streams rising in the desert have a distinct ad- 
vantage over the streams issuing from the mountains. 

This difference in the rate of down cutting between 
the two classes of streams has permitted one desert 
wash after another to capture the streams issuing from 
the mountains. Diversion of a stream draining the 
mountains into a desert wash reduces the gmdient of 
that stream and causes aggradation. The surface ag- 
graded may be a narrow valley or may be a wide valley 
having pediments on one or both sides, but clearly the 
surface, whatever its form, is independent of and older 
than the overlying gravel. 

Only the streams rising within the desert are involved 
in the proWem of the origin of the pediments. As 
pointed out (p. 190), each pediment consists of a series 
of rock fans distributed along one or both sides of the 
main washes and their tributaries. If the rock fans 
were formed by lateral planation^ it is apparent that the 
work v^^as done by the small lateral washt^ and riUs 
flowing down the fans from the side hills. The main 



wash to which these laterals are tributary controls their 
base level, so each fan along the main wash is cut to 
approximately the same grade and position. By the 
coalescing of these fans an extensive pediment is formed . 

EROSIONAL HISTORY 

EVOLUTTON' OF THE TOPOaRAI^HX OF THE IlEKaV MOUN"- 
TAIMS KKtJION 

When the Colorado River was 2,000 ft higher than 
its present position, its valley was in the nonresistant 
San Rafael group of formations which overlies the 
resistant canyon- forming sandstone. This ancient val- 
ley must have been broad and open, like the present 
valley of the Fremont River at Hanks vdle, because the 
rocks in the San Rafael group do not preserve high 
steep walls even under arid conditions. This open 
valley preceded the cutting of Glen Canyon. The 
caliche-cemented gravel deposits at Cedar Point and 
at other places near the present canyon rim date from 
this op en- valley stage. 

Thes open valley that was ancestral to Glen Canyon 
ended upstream at the foot of Cataract Canyon, which 
was already in existence across a structurally and top- 
ographically higher area than Glen Canyon. For the 
same reason the open valley ended downstream at the 
higher Waterpocket Fold. Thus the Colorado River 
was eroding an open valley across the Henry Moimtains 
region at the same time that it was eroding canyons 
upstream and dowTistream from that open valley, just 
as today the river is eroding an open valley at Green 
River^ Utah, between Gray Canyon and Labyrinth 
Canyon. 

At the present time the tributaries of Glen Canyon 
have steeper gradients across the canyon-producing^ 
formations than across the higher, more easilj^ eroded 
formations. If we assume that during the open- valley 
stage the gradients of the tributaries in the easily eroded 
formations were about the same as today it would follow 
that when the Colorado River was in its open valley, 
2,000 ft above its present position in Glen Canyon, 
the tributaries were only about 1,000 ft. higher than 
their present position in the desert near the mountains. 

The Henry Moimtains antedate this higher-level 
drainage because porphyry bouldei^ from them occur 
in the gravels deposited during the precanyon, open- 
valley stage at Cedar Point and Trachyte Point, 
Moderately large boulders of basalt, presumably from 
the High Plateaus, have been found in gravel deposits 
500 ft above the Colorado River; probably the lava 
flows in the headwaters of the Fremont River also 
antedate the higher-level drainage. 

Valleys in the Henry Moimtains have been eroded 
between resistant porphyry intrusions but the intrusions 
themselves have been little eroded. The uncovering 
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of porphyry by down cutting has, with very few excep- 
tions, led to monochnal shifting of streams off the 
porphyry so the present ridge tops probably have not 
been lowered very much while the valleys were being 
cut. Individual hills like Jukes Butte, Table Moun- 
tain, and The Horn, undoubtedly are as high above the 
adjoining country today as they have ever been, and 
because erosion is more rapid at their base than on 
their tops, their relief will be increased rather than 
diminished as erosion continues. The recent erosion 
on the mountains, therefore, has resulted merely in 
steepening the valle3^s around the resistant porphyry 
masses without reducing very much the altitude of the 
whole mountain surface. During the precanyon, open- 
valley stage of the Colorado River, the area of the 
mountains was smaller than now because some of the 
outlying intrusions, such as those at Trachyte Mesa, 
Black Mesa, and Cedar Creek, had not been uncov- 
ered. The mountainous area is still increasing and its 
surface is becoming rougher as a result of the selective 
erosion. In other words, the mountains are steadily 
becoming more rugged. In the confused parlance of 
physiographic stages, the mountains are becoming more 
youthful as they become older. 

On the other hand the general appearance of the pied- 
mont belt of gravel benches around the mountains 
probably has changed very little since the open-valley 
stage. The belt has been shifted in position and has 
been lowered about a thousand feet sin^e the open-valley 
stage, but the relief and slope of the belt probably have 
changed very little. 

However, most of the preserved gravel benches and 
all the very extensive ones were formed during the later 
stages of the canyon cutting, because the lower edges of 
the benches are a thousand feet belovv the gravel of the 
open- valley stage (fig. 91^). Some of the pediments 
and their gravel cover extend into the heads of the can- 
yons and can be correlated with rock terraces down- 
stream in the canyons. Unfortunately these terraces 
are not sufficiently continuous to establish correlation 
between the pediments and the Colorado River terraces, 
but the preserved remnants clearly show that Glen Can- 
yon was eroded nearly to its present depth and width at 
the time the most extensive piedmont gravel benches 
were formed. 

This does not mean that pediments were not formed 
at earlier stages in the erosional history of the region. 
Even the pediments capped by gravel are readily de- 
stroyed by sapping around their edges, so the absence of 
ancient, high-level pediments is due more likely to their 
destruction than to their never having been formed. 

The topography of the dunal areas and of the badland 
areas likewise must have changed very little since the 



open-valley stage of the Colorado River, though their 
position has been shifted as erosion has caused the out- 
crop to recede towards the trough of the basin. 

The canyons m_ay have been formed during one brief 
period of continuous down cutting, but more likely the 
down cutting along any one canyon was interrupted by 
periods of graded conditions during which the tributaries 
became adjusted to the lower base level. The cutting of 
Glen Canyon for example, has increased the gradient of 
its tributaries, so that sediments derived from their ac- 
celerated erosion are now retarding erosion in Glen 
Canyon by keeping the Colorado River fully loaded. 
Furthermore, the well-preserved pictographs and an- 
cient talus cones along the walls of Glen Canyon, the 
pedim^ents beside the river, and the absence of fresh 
rock scars on the canyon walls indicate an insignificant 
amount of erosion during the last thousand years. Evi- 
dently the rate of erosion in Glen Canyon was much 
faster at some time in the past, or an inordinate amount 
of time would have been required to form it. 

The difference in level between the old surface of the 
open-valley stage and the present surface is such that a 
minimum of about 250 cu mi of material has been re- 
moved from the Henry Mountains region during the 
canyon cutting. This is equivalent to reducing the 
whole surface of the basin about 500 ft. 

Silt discharge m^easurements along the Colorado River 
at Grand Canyon, made during the period 1925-39 by 
the Water Resources Branch of the Geological Survey, 
indicate an average annual load of 110,000 acre ft of 
sediments weighing 85 lb per cu ft, exclusive of bed 
load. This quantity of sediments roughly equals 
65,000 acre ft of rocks having a density of 2.2. The 
silt discharge, therefore, is equivalent to degradation of 
about 1 cu mi of bedrock every 50 yr. The Colorado 
River above Grand Canyon drains about 145,000 sq mi, 
so the rate of degradation is roughly 0.7 ft per thousand 
years. At the present general rate of degradation, 
therefore, about three-quarters of a million years would 
have been required for the development of the present 
topography from the open-valley stage in the Henry 
Mountains region. 

AIjIiUVIATIOJSf AND ARROYO CUTTING 

Flood plains are widespread in the Henry Mountains 
region, especially along the valleys in the badland- 
producing formations, in the strike valleys between the 
hogbacks along the west flank of the basin, in the sand 
deserts, and along most of the large valleys draining 
the mountains. Alluvium^ has been deposited along 
most of the canyons tributary to the Colorado River, 
but the second-order tributaries in the canyon-pro- 
ducing formations flow mostly on bedrock. The Colo- 
rado River is in an alluvial channel throughout the 
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length of Glen Canyon (170 miles) and the river today 
crosses bedrock at only one place. In most of the 
region the streams are now incised in arroyos cut into 
the alluvium. 

The flood plain of the Fremont River extends across 
most of the formations of the Henry Mountains 
structural basin and flood plains of other streams, 
notably Bullfrog and Hansen Creeks, similarly extend 
across formations that have strikingly different litliol- 
ogy. The composition of the oldest alluvium in these 
flood plains varies with the lithology of the formation 
being crossed. This correlative variation would not 
exist if the alluvium had been transported long dis- 
tances by the main stream; instead, the oldest alluvium 
must have been deposited in the main valleys by those 
tributary streams that drain the adjacent formations. 
The main stream did no more than rework this locally 
derived alluvium and spread it evenly along the valley 
bottom. On the other hand the younger alluvial 
deposits are composed of more homogeneous material 
across the several formations and must have been 
transported long distances by the main stream. 

The flood plain of the Fremont River crosses pre- 
Cretaceous rocks wT^st of the Caineville Reef, crosses 
the Cretaceous formations in the trough of the struc- 
tural basin, and returns to pre-Cretaceous rocks at the 
lower end of Bluevalley 6 miles west of Hanksville. 
West of the Caineville Reef the oldest alluvium is 
light-colored and is locally streaked with brightl}^ 
colored silt obviously derived from the adjacent, 
brightly colored Upper Jurassic formations. At the 
reef this alluvium intertongues with dull-gray alluvium 
and at Caineville is practically replaced by the 
gray alluvium. These relations are reversed at the 
low^er end of Bluevalley where the river leaves the 
Cretaceous rocks and reenters older, light-colored for- 
m^ations. There the alluviumx again becomes light- 
colored and more sand37^. The dull-gra^^ alluvium 
between Caineville and Bluevalley is mostly reworked 
Mancos shale that could have come only from the 
tributary valleys that drain the large areas of Mancos 
outcrops. This locally derived material is mixed with 
only relatively small quantities of materials from the 
headward parts of the river's drainage basin. Down- 
stream from Bluevalley the dark-gray alluvium derived 
from the Mancos intertongues with light-colored allu- 
vium that w^as derived from the adjacent variegated 
and light=colored Upper Jurassic formations, but a 
mile or two below Bluevalley the alluvium contains 
only small ojiantities of reworked Mancos shale. 

These relationships between the oldest alluvium and 
its parent rocks are duplicated along Bullfrog, Hansen, 
and Halls Creeks. The headward part of each of these 
streams is in Cretaceous rocks and the alluvium there 



is mostly dark-colored reworked Mancos shale. But 
this alluvium grades to light-colored, m.ore sand}^ 
alluvium downstream where the streams leave the 
Cretaceous and enter the older formations of light- 
colored sandstone and shale. 

It should not be inferred that the alluvium changes 
abruptly at each formation boundary or that the oldest 
alluvium contains no materials from farther upstream, 
but the bulk of the oldest alluvimn has clearly been 
derived from the adjacent formations and could not, 
therefore, have been transported great distances. The 
alluvium must represent an excess supply of debris- 
carried into the main valley by the tributaries, so that 
the main stream, incapable of flushing its channel, 
could do little m.ore than redistribute the debris across, 
the flood plain. 

Some of the alluvium-floored plains have their smooth 
surface interrupted by mounds on which grow one or 
more greasewood plants. These mounds are numerous- 
in the plain of Bull Creek below Fairview and along 
some small tributaries of the Muddy River in the^ 
Morrison formation. Most of the moimds are a few 
feet high ; the maximum height is about 6 ft. In cross 
section the profile is like a dune except that the wind- 
ward side is steepest and the greasewood bushes grovf on 
that sidcB. The basal few inches of the mounds consist 
of poorly consolidated, horizontally bedded silt and 
shale identical to the alluvium beneath the mounds- 
(fig. Ill) and must be a protruding remnant of it. The 
upper part of the mounds consists of the same kind of 
material but it is cross-bedded in roughly concentric 
layers that conform approximately to the profile of the 
mound. 

The upper part of the mounds evidently represents 
wind-blown material collected around the greasewood 
plants. The lower part of the mounds is interpreted, 
to be a protruding part of the alluvium and v/ould 
therefore indicate that the general surface of the alluvial 
plain has been lowered m_any inches, presum_ably by 
deflation. Against this interpretation is the fact that 
the surface of the alluvium between the mounds in 
places is essentially flat and has no desert pavement. 

Only very meager evidence could be foimd bearing 
on the age of the alluvimn in the region. Part of a 
skull, identified as a mountain sheep by C, Lewis- 
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Figure ill. — Cross section oi greasewood mounu, by road to Vv'iid Horse Mesa 1 mile- 
south of Muddy River. 
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Gazin of trie National Museum, vvas fourxd m a vertical 
cut 4 ft below the top of tlic main flood plain in Divide 
Canyon just cast of the Ferron sandstone outcrop. 
The species is not diagnostic but the state of preserva- 
tion suggests an age measurable in tens or hundreds, 
rather than thousands, of years. 

Northwest of Tarantula Mesa along Divide Canyon, 
near the Emery sandstone outcrop, and along the forks 
of Coleman Creek the alluvium buried groves of juniper 
trees, the tops of which are still visible. The wood in 
some of these trees can be used for firewood and their 
state of preservation implies no great antiquity. How- 
ever, near one of the buried groves, a juniper more than 
900 years old was found growing on top of the alluvium. 
Some of the buried trees have 300 annular rings and 
these rings are much more widely spaced than the rings 
on trees now growing on the alluviumx. In fact, the 
widest-spaced grovv^th rings on the 900-year-old juniper 
are only about the average spacing on the buried trees. 
R. W. Brown of the Geological Survey believes they 
are the same, or at least closely related, species. The 
trees grew in the same valley and seem to have had 
about equal access to ground water because the alluvium 
is not thick. Probably the difference in rate of growth 
reflects a climatic change. If so, relatively humid 
conditions prevailed for at least 300 years prior to depo- 
sition of that alluvium, whereas more arid conditions 
have prevailed during the past 900 years. 

The present cycle of arroyo cutting in the northern 
part of the Henry Mountains region started abruptly 
when a large flood moved down the Fremont River m 
1897. Prior to that time the stream^s flowed in shaUow 
channels, meandering in alluvial ilood plains incised a 
few feet below the level of the oldest flood plain. 

The amount of arroyo cutting along the Frem.ont 
River since 1897 is illustrated by a series of profiles 
surveyed across the vaUey (fig. 112) and by views of 
the old and present channels (figs. 113, 114 A, 7?). 
The destructive effect of this erosion in human terms 
has already been described (p. 19). From the vaUey 
of the Fremont River alone about 40 million cubic 
yards of alluvium have been removed since 1897, about 
a miflion cubic yards annuaUy. Down cutting has 
amounted to only about 5 or 6 ft but the arroyo has 
been greatly widened. 

Arroyo cutting is widespread and has extended onto 
the mountams at several places. South Creek and 
Dugout Creek on Mount EHen have been miost seriously 
affected. Both these streams have eroded deep arroyos 
in their valley fiU nearly to their heads and today can 
bo crossed at few places and only with difficulty. 

In the lov/cr parts of the canyons tributary to Glen 
Canyon, pictographs and other human signs high on 



the canyon waUs testify to recent jemoval of aUuvium 

there. 

Part of the channel occupied ]>y the Fremont River 
prior to 1897 is still preserved in the alluvial bench 
between the Muddy and Fremont Rivers near Jhe 
center of sec, 3, T. 28 S., R. 11 ^ (fig. 114^). This 
channel was identified by old residents and is shown on 
the plat of the township made by a General Land 
Office survey in 1883. The old channel, lined by 
natural levees and looking like an irrigation canal, is 
less than 100 ft vfide and only 5 ft deep. The present 
^YYOjo is 5 to 6 ft deeper and a quarter of a mile wide 
(fi.g.^l4E). 

The flood plain on which the river flowed between 
1883 and 1897 is the constructional surface of 
alluvium that incompletely fiUed an arroyo eroded 
into still older alluvium. This older aUuvial plain is 
twice as wide and several feet higher than the i^^'6-97 
flood plain. Moreover, one or more other periods of 
arroyo cutting and partial anuviation occured sub- 
sequent to deposition of the oldest aUuvium and prior 
to formation of the flood plain used by the river in 
1883-97. 

At BluevaUey for exam^ple, just above the mouth of 
Town Wash on the south side of the river, two meander 
scars are preserved in the oldest aUuvium (fig. 115). 
The alluvium designated 1 in figure 115 is the oldest 
and is composed of hard, well-compacted, gray ^ilt 
composed mostly of reworked Mancos shale. The 
more westerly of the meander scars is filled to within 6 
ft of the oldest surface by a younger deposit, designated 
alluvium 2, whose base is 5 ft above ihe present river. 
This aUuvium consists of sandy beds 12 to 20 in. thick 
that are separated by gray silt beds a quarter to one 
inch thick. Overlying the aUuvium. is 2 ft of younger 
Yf ash. The nearly horizontal bedding of aUuvium 2 is 
turned up slightly against the waUs of the older aUuvium. 
probably because of compaction. 

The other meander scar contains a remnant of the 
alluvium 2 at the center. Around it an arroyo was cut 
to within 2 ft of the present river channel and this arroyo 
has been partly fiUed by 10 ft of alluvium (designated 
3) which consists of saiid and clay in beds 1 to 12 in. 
thick. 

The aUuvium 2 seems to be widespread along the Fre- 
mont River between the oldest aUuvium (1) and the 
flood plain used by the river in 1883-97. The alluvium. 
3, which is a few feet higher than the 1883-97 flood 
plain, may be a part of that flood plain buUt higher by 
surface wash. It is clear that arroyo cutting like that 
in progress today has occurred in the past also. 

Different levels of alluvial deposits occur generaUy 
along the Fremont River and its tributaries (fig. 114Z>), 
but an attempt to differentiate and map the deposits 
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FiotiRE 113 —Pleasant Creek at Notom before the arroyo cutting (A) and at prt-sent 
(B). The lowcir sketch is from a photograph and the upper is based on description 

by residents who lived thexe before erosion started. The former small channel of 
the crock is stUl preserved locally on the old flood plain andsubstantlattis the reports 
that It could bo bridged with poliffi- The arroyo now Is about 20 ft deep- 



WES abandoned because no satisfactory criteria were 
found to correlate the deposits or to distinguish betv^een 
irregular channel deposits and remnants of foiTQcr true 
flood plains. The present arroyo cutting is demon- 
stralJy not the first, and some of tlie earlier cutting was 
on a larger scale than the present. The periods of 
aiToyo cuttings were separated by periods of alluviation 
during which the arroyos were partly refilled. 

The present period of arroyo cutting started 25 years 
after settlement and introduction of livestock, but the 
fact that arroyo cutting repeatedly occurred prior to 
settlement shows that such erosion is the result of 
natural processes. Ovtrrgrazing undoubtedly hastened 
the present erosion, but probably was only a minor 
factor as compared to the factor of changing climate. 

TERTIARY HISTORY OP THE REGION 

In reconstructing the Tertiary history of the Henry 
Mountains region there are five main problems to he 
considered, namely, the date of the orogenic structural 
movements, especially the folding; the date of the 



epeirogenic uplift of the Colorado plateau block as a 
whole; the date of integration of the Colorado River 
drainage system ; the date of the intrusions at the lacco- 
lithic mountains; and the date of the canyon cutting. 
These siructural and physiographic problems are 
closely related, but discussion of them is easier if they 
are treated separately. Moreover, because recognizable 
Tertiary formations have been stripped from the interior 
of the Colorado Plateaus, the proUems must be ap- 
proached regionally. Nevertheless the scattcretl bits of 
information from the plateau as a whole do provide a 
coherent, even if sketchy, picture of the probable 
sequence of events. 

DATE OF FOIJ>ING 

Near the close of the Cretaceous period the region 
probably was low. In late Cretaceous or earh^ Tertiary 
time there occurred the deformation that resulted in the 
great folds such as the San Rafael Swell, CiixlcClifTs, and 
Henry Moimtains stnictural basin. Evidence for this 
date for the folding is found in the St. George Basin 
(Gai-dner, 1941), in the vicinity of Escalante (Gregory 
and Moore, 1931, pp. 1 17-124), and at the north end of 
the Waterpocket Fold (Dutton, 1880, pp. 286-295). 
At each of these places, strata that have been classed 
as Eocene lie across the eroded edges of the older folded 
rocks. It seems probable that the other large, northerly- 
trending folds of the plateau— ^like the Kaibab uplift, 
the Defiance anticline, and the Momiment upwarp— 
also were formed at this time. As a first result of this 
folding the structural uplifts became topographically 
high areas and the structural basins became the sites of 
deposition of sediments eroded from the high land. In 
the San Juan basin in New Mexico and the Uinta Basin 
in Utah the basin sediments are still preserved; from 
the other basins, including the Henry Mountains 
structural basin, such fill as was deposited has been 
removed. 

In several parts of the Colorado Plateaus, notably 
in the San Juan basin (Dane, 1936, pp* 134-135; 
Reeside, 1924) and in the Uinta Basm (Bradley, 1936, 
pp. 184^188), there was later orogenic folding, pre- 
sumably in mid-Tertiary time. But the folds in south- 
eastern Utah, especially those around the Henry 
Mountains, are older and apparantly underwent little 
or no renewed movement after the Eocene sediments 
were laid across them. On the other hand the major 
fault movements that produced the High Plateaus west 
of the Henry Mountains took place after the late Cre- 
taceous or early Tertiary folding, probably during the 
middle Tertiary, though uplift may have started earlier 
in the form of monoclinal folding, as along the west 
side of the Wasatdi Plateau (Spieker, 1946, p. 155). 




FiouBE ! 14.— Views of stream channels and alluvium north of Mount Ellen. A, This was the channel of the Fremont Hlvcr prior to 180C. The chaonel, 65 ft wide and 6 ft deep here, is part of a cut-off meander 
preserved in the alluvial plain whore the Fremont joins the Muddy Elver (SH sec, 3, T. 2S S., R . 11 E.). B, View up the Fremont River where It is Joined by the Muddy River. The channel of the Fremont River 
Is a quarter of a mile wide and 6 ft lower than the 1S96 ehanneL C, McClellan Wash has cut its channel i5 ft lower than Nazer Creek. At this locality the divide between the two creeks is only 5H ft higher than 
Nazer Creek and when tho divide Is breached, that creeks which t^ transporting gr a veUrom Mount Ellen, will aggrade McClellan Wash. D^ Contact between two alluvial deposits in Sweetwater Creek below the 
mouth of Cedar Creek. The younger alluvium forms the low bench (right) and along the marked contact overlaps the base of the older alluvium (left). 
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Figure I15.-Sketch map and view of alluvial deposits at Bluevalley. Alluvium 1 , the oldest, has two meander «ears, each about 300 ft in diameter 

and partly filled with younger alluvium. 



EPEIROGENIC UPLIFT OF THE COLORADO PLATEAUS 

In the interval from late Eocene to early Miocene 
the Colorado plateaus block as a whole began to be 
uplifted. This uplift is recorded by the faulting along 
the southeast edge of the San Juan basin (Hunt, 1938b, 
pp. 56-57, 77-78) and by the faulting west of the Grand 
Canyon (Gardner, 1941, pp. 248-254; Button, 1882, pp. 
19-20; Longwell, 1936, pp. 1457-1458; Noble, 1914, pp. 
88-91). In these marginal areas, though, the faulting 
was renewed intermittently through late Tertiary and 
perhaps even into Quaternary time, so probably the 
plateau as a v/holc Vv-as raised intermittently through 
much of Tertiary time. Most of the uplifting occurred 
before late Tertiary time and affected the Grand Canyon 
region and probably other areas, because the late Ter- 
tiary Muddy Creek formation overlaps the escarpment 
formed along the Grand Wash fault and proves that 
the major movement on that boundary fault was pre- 
Muddy Creek. 

INTEGRATION OF THE COLORADO RIVER DRAINAGE 
SYSTEM 

The basins that were formed by the late Cretaceous- 
early Tertiary folding became the sites of deposition of 
sediments eroded from the domes. The region was low ; 
general uplift had not started and some of the basins 
may have been below sea level. Their drainage at. the 
l^eginning probably was interior, but as the fill in them 
deepened the drainage of one basin could overflow into 
another. No doubt the filling of the basins and the 
integration of their drainage were hastened by the 
streams that came into the region from, the Rocky 
Mountains, San Juan Mountains, and Uinta Mountains. 

As the drainage system_ gradually became integrated 
it developed a dendritic pattern. Later, as the river 
and its tributaries cut downward into the folded rocks 
underlying the fill, this dendritic pattern became super- 



imposed across the folds (Davis, 1901, p. 140) so that 
today the course of the Colorado River and its trib= 
utaries is independent of these structures. 

After the basins had been filled and connected, the 
master stream^— the ancestral Colorado River— found 
an outlet from. them.. This seems to have occurred 
either just before or very soon after the plateau as a 
whole began to rise in early Tertiary time. I do not 
know any positive evidence for this interpretation of 
an early age for the Colorado River, but the alternative 
interpretations seem to be untenable. The reasoning 

is this: ^ 

The Colorado River must have found its own way 
to the sea by some process of basin fdling and ovor= 
flowing rather than by capture by a stream, erodip^g 
headward. In the first place, the supply of water 
is and was from, the m.ountains back of the plateau, 
not from, the arid belt along the lower course of the 
river. Secondly, no canyon, except that occupied by 
the river itself, has been cut into the 150 miles of cliffs 
now markmg the edge of the Colorado Plateaus north- 
ward and southward from the foot of Grand Canyon; 
that edge of the Colorado Plateaus is not dissected. 
Thirdly, the course of the Colorado Kiver at Grand 
Canyon hes across one of the highest parts of the 
plateau, both structuraUy and topographically high, 
so tliis part of the river's course undoubtedly dates 
from a tune when the adjoining part of the plateau 
was much lower with respect to the drainage basm 
upstream.. 

It seem^s likely therefore that the Colorado River 
was an integrated system draining the plateau during 
its early stages of uplift, that is, before middle Tertiary. 
By this interpretation the Colorado River, although 
superimposed on the orogenic folds, is antecedent 
across the epeirogenic block represented by the whole 
plateau. 
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INTRUSION OF THE LACCOLITHIC MOUNTAINS 
Latitic lavas and minor intrusions of niid=Tertiary 
age, perhaps Miocene, are widespread in the Basin 
and Range areas adjoining the south and west edges of 
the Colorado Plateaus. The two large vofcanic 
centers, Mount Taylor in New Mexico and the San 
Francisco Mountains in Arizona, also are largely 
latitic and probably are mid-Tertiary. It seems likely 
that the laccolithic mountains, which are located in the 
interior of the plateau and which are petrographically 
similar to the latitic volcanic rocks, also may be mid- 
Tertiary. 

The drainage on the laccolithic mountains is con- 
sequent and some of the m^ain tributaries of the Colorado 
River appear to have been shifted m_onoclinally as a 
result of the doming by the mtrusions. For example, 
the Fremont and Dirty Devil Rivers swing in a wide arc 
around the north side of the Henry Mountains and 
follow^ the trough between the mountains and the 
San Kafael Swell. In a similar way, the Dolores 
River swings in an arc around the north side of La Sal 
Mountams and follows the trough between them and 
the Uncompaghre uplift. The headward part of Glen 
Canyon has avoided the domes at the two southern 
Henry Mountains; the lower part of San Juan River 
and the adjoining section of the Colorado River have 
avoided the dome at Navajo Mountain, The adjust- 
ment of the drainage to the intrusive structures stands 
in strikmg contrast to the lack of adjustment of the 
drainage to the orogenic structures. 

This adjustment would have developed if dommg of 
the laccolithic mountains dammed earlier stream 
courses, forcing streams like the Fremont and Dolores 
into new courses. Inasmuch as both streams now 
follow the structurally lowest course possible they may 
have been flovvdng across Tertiary basin sediments 
when the intrusions occurred, and their courses shifted 
monoclinally off the dom_ed areas even though the 
doming progressed slowly. 

CANYON CUTTING 

It has been shown that before Glen Canyon was 
cut the Colorado River was in an open valley across 
the Henry Mountains structural basin (p. 175), yet 
during that open-valley stage Cataract Canyon, 
upstream., alread^^ v/as in existence as were Marble 
Gorge and Grand Canyon. Glen Canyon is the 
youngest of these canyons: perhaps it is a contem^porary 
of the inner gorge in Grand Canyon. Much farther 
upstream, along Green River, is Lodore Canyon which 
dates back at least to Pliocene and perhaps Miocene 
time. (Bradley, 1936, pp. 188-190). Clearly the 
canyons along the river are not of the same age. 

The earliest canyons were probably formed soon 



after the river system became integrated. At that 
tim-e the course of the Colorado River across the 
plateau area, like the present course below Grand 
Canyon, no doubt consisted of short canyons across 
the anticlines alternating with long open stretches 
across the basins. It seems likely that Grand Canyon 
is the grandest in age as well as size, and that Glen 
Canyon in the Henry Mountains region is one of the 
young features of the Colorado Plateaus. 

Lying along the front of the Grand Wash Cliffs and 
extending across the mouth of Grand Canyon are 
coarse conglomerates belonging to the Muddy Creek 
formation. These clearly were locally derived and 
were not deposited by the river. They have been 
cited as evidence that the river m.ay be a young fca= 
ture — much younger than I have interpreted it (Black- 
welder, 1934; Longwell, 1936, pp. 1433-1440, 1457; 
1946, pp. 817-835). The gravel was deposited along 
the foot of the escarpment that was produced by 
movement on the Grand Wash fault. Two factors 
may have contributed to weakening the river so that 
locally derived gravel could be deposited across its 
course by agencies other than the river itself. The 
elevation of the High Plateaus, begun in late Cretaceous 
and early Tertiary timic, cast a rain shadow to the 
eastward producing an arid region along 300 m^iles of the 
river's course. This alone, or possibly aided by diff- 
erential uplift of the southern extensions of the High 
Plateaus where they cross the Grand Canyon region, 
could have sufficiently weakened the river, perhaps 
even stopped its flow, while the conglomerate beds of 
the Muddy Creek formation were being deposited. 

RESOURCES 
WATER SUPPLIES 

Water is scarce in the Henry Mountains region. 
Only a few stream_s are perennial and, except for the 
Colorado Eiver, their discharge is sm_all and their 
flow is uregular. Springs are few and all of them are 
small. The structural basin contains deep artesian 
water but neither the quantity nor quahty of it has 
been determined. 

STREAMS 

The only perennial streams are the Colorado, Dirty 
Devil, and Fremont Rivers, and the headward parts of 
those tributaries that rise on the northern three Henry 
Mountains and on Boulder Mountain in the High 
Plateaus to the w^t. A few of the streams draining 
the mountains flow during the spring season, while the 
snow is melting, but m_ost of the stream, courses in the 
mountains, as well as in the desert, are dry except for 
short periods of flood immediately after local storms. 

The Colorado River in this region is in a deep canyon, 
so its water is not available to the rest of the region. 
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To use the Colorado Hiver to irrigate any sizable tract 
of the plateau would require a lift of several hundred 
feet in the southern part of the area and more than 
1^000 ft in the north. Two plans have been considered 
for the dam that has been suggested at Lees Ferry 
(U. S. Bureau of Reclamation,, 1946, pp. 146-147; La 
Rue, 1925, pp. 19-26). One plan contemplates raising 
the water surface to 3,528 ft, placing the head of the 
reservoir near the mouth of the Dirty Devil River 
without significantly raising the level of the river in 
the region. The other plan contemplates raising the 
water surface to 3,732 ft, thus creating a reservoir larger 
than Lake Mead and more than 200 ft deep. 

The Fremont River is in an open valley and its water 
could be used for irrigation but the amount of water 
available is small. The average annual discharge of the 
Dirty DevU River has been estim^ated to be about 
200,000 acre feet (La Rue, 1916, p. 124). Under 
present conditions most of the water is lost in floods 
and only a very small part of the discharge of the 
Fremont River is available to Hanksville or Caineville. 
At these towns during part of the year the river is dry; 
at other times it is an uncontrolled torrent. 

Pleasant Creek and Oak Creek (the headward part 
of Sand Creek) bring small quantities of water from 
Boulder Mountain and are used for irrigation by the 
ranches at Notom and on the Sandy Wash Benches. 

None of the streams draining the Henry Mountains 
is large. The annual discharge of each of the two 
largest, Bull Creek and Dugout Creek, is certainly no 
more than a very fcv/ thousand acre feet. The dis- 
charge of each of the other streams- — Birch, Cotton- 
wood, Cedar. Copper, Crescent, and Granite Creeks on 
Mount Ellen, Dark Canyon and Straight Creek on 
Mount Pennell, and Gold Creek and Star Creek on 
Mount Hillers- — is probably measurable in hundreds of 
acre feet. Most of these streams are dry part of the 
summer and none of them carries water far from the 
foot of the mountains; except for unusual floods, all 
their water is lost by seepage and evaporation where 
they leave the mountains and begin their course across 
the desert. 

SPRINGS 

The springs can be divided into three groups: those 
on the northern three mountains, those around the foot- 
hills, and those on the desert plateau and the two 
southern mountains. 

The springs on the northern three mountains are 
moderately numerous. Many of them are perennial 
and yield several gallons per minute; their discharge is 
greatest during the spring months. The water is po- 
table. Springs are numerous on Mount Ellen, fewer on 
Mount Pennell and Mount Hillers. 



The supply of ground water on which these springs 
depend is complex and a special study in itself. Rain- 
fall in the mountains varies considerably from one place 
to another (p. 27), and the runoff mjjst vary considerably 
depending upon differences in the slope, soil, or vegeta- 
tion. In addition, the impermeable rock surface on 
which the water table at any given place is perched is 
formed by two kinds of rocks — the porphyry intrusions 
and the shale formations — and the configuration of the 
surface is controlled by the variations in form and 
structure of the intrusions. 

One common type of spring is located in depressions 
on broad nearly flat tops of intrusions that retain a cap- 
ping of baked shale or other sedimentary rocks. Ex- 
amples on Mount Ellen are found on Log Flat in Saw- 
mill Basin, by Copper Ridge, and between the head of 
South Creek and Dugout Creek. At these places rain 
water collects in the soil, and then seeps along the fis- 
sured roof rock to emerge as springs where the ground 
surface has been cut downward to the porphyry. But 
these springs are small and only a few are perennial 
because not much ground water can be stored in the 
thin, moderately permeable mantle of soil and the baked 
sedimentary rocks overl3dng the impermeable porphyry. 

Larger and more dependable springs are found along 
the main valley bottoms where the valley fill is a thin 
mantle over impermieable bedrock. These springs are 
fed by underflow along the stream course and this under- 
flow is replenished by floods down the course of the 
stream and by ground water that moves to the valley 
bottom by seeping down the bedrock surface beneath 
the coUuvium on the steep valley sides. Springs of 
this type are found along most of the main valleys 
draining the northern three mountains. 

Large springs may be found even where the slopes are 
very steep, as for example at Ellen Spring on the east 
side of the peak of Mount Ellen. Here the slope is so 
steep that the trail upward to the peak winds back and 
forth. But surface runoff is low because the mountain 
side above the spring is mantled by talus and is grass- 
covered, bouldery coUuvium, A depression in the bed- 
rock surface provides a catchment area of perhaps 200 
acres and the ground water moves out of the bedrock 
swale along a channel that has been buried by a narrow 
rock slide. Throughout the year a considerable flow of 
water can be heard gurgling through the loose rocks in 
the slide. While the snow is melting the water rises to 
the surface but during the siunmer the loose rocks have 
to be moved to get to the buried stream. In spite of its 
lofty position and its location on a steep mountain side 
this spring is one of the largest on Mount Ellen; its 
discharge probably averages several gallons per minute. 

Springs around the foothills are numerous and_ the 
water at most of them is potable. They are supphed 
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chiefly by seepage from the streams that rise in the 
mountains and in the lootmll belt. These streams flow 
onto higiily permeable gravel that fills valley bottoms 
or that extends in broad sheets covering pediment sur- 
faces. The v/ater seeps into the gravel and moves along 
its base on top of the bedrock in which the valley or 
pediment was cut. Farther from the mountains the 
water reappears as springs where the gravel is thinned 
over impermeable bedrock or where the drainage has 
cut below the outer edges of the pediment gravels as a 
result of the complex drainage changes that have 
occurred in this footliill belt (pp. 192-202). 

Some examples of this type are Oak and Birch Springs 
at the north end of Mount Ellen, and Woodruff Spruig, 
the spring at Star ranch, Squaw Spruig, Indian Spring, 
Cow Seep, South Pass Spring, Quaking Asp Spring, and 
Benson Spring around Mount Hillers. That these 
springs are supplied chiefly by seepage from the moun- 
tain streams, rather than b}^ local rains on the gravel 
surface, is shown by the absence of such springs around 
the lower edges of the gravel-covered benches that have 
become isolated by erosion from the mountains. 

Springs in the desert and on the two southern moun- 
tains are few; only about half of them are suitable for 
drinking and their flow commonly ceases during pro- 
longed dry spells. They derive their water from locally 
perched water tables that are replenished only by the 
scanty rainfall or occasional flood. 

These springs on the desert plateau, and near the 
two southern mountains, are of two kinds. Those along 
the usually dry stream courses are mostly seeps from 
the thinned edge of the valley alluvium and are replen- 
ished by intermittent flov/ of the stream and by under- 
flow through the alluvium from far upstream. Exam- 
ples are: Wild Horse Spring, Fourmile Spring, Cane 
Spruig, The Pools, and the springs at Stephens Nar- 
rows. The second type are above stream courses and 
are due to seepage of ground water from a water table 
perched above an impervious stratum. Most of them 
are replenished only by local rainfall. Buckskin Spring, 
Dell Seep, Lost Spring, Eggnog, Thompson Seep, Clay 
Seep, and the springs at Cedar Point and at the base of 
the Wmgate sandstone in the canyons are of this type. 
There are no permanent sprmgs on Mount Holmes or 
Mount Ellsv/orth. 

The perched v/ater tables that supply these springs 
must be very lenticular and movement of the water 
must be along rather well defined channels. Many 
springs^ — Buckskin Spring and Lost Spring, for exam- 
ple — are high above drainage and the producing horizon 
is widely exposed, but the water seeps from a single 
place. Several of the springs are ui box canyons, as 
at Moki Tank and at the head of Warmspring Canyon, 



but similar canyons incised into the producing horizons 
nearby have no springs, 

Bert Avery Seep, north of Mount Ellen, is interm^e- 
diate betv/cen the desert and foothill type. Its water 
seeps from, the base of the Ferron sandstone but prob- 
ably enters the sandstone where it is turned up near the 
gravel deposits of Birch Creek and at Jet Basin. 

All the springs in the desert, however, have a very 
limited supply of water and most of them become dry 
during prolonged periods of no rain. Fortunately, 
however, these springs are supplemented by tanks, 
watertight depressions in the bedrock that are mostly 
pot holes along the stream courses. These tanks are 
filled by local rains or floods, and, if in a shaded 
locality, may retain water for several weeks. The 
Waterpocket Fold Vv^as so named by the Pov/ell Survey 
because of its abundant tanks. Paulos Tanks and 
Red Tanks are other examples. 

AIITESIA>T WATER 

The structural basui is known to contain artesian 
water but the extent of the basin and the volumxc of 
v/ater that could be obtained are not known. Two 
wells drilled at Hanksville encountered a small artesian 
flow of potable water. The wells were started near the 
top of the Entrada sandstone and were drilled nearly 
to the base of that formation. The driller's log for 
one of them is as f oUows : 

Well (D-28-11) IGadb l.i State claim no. 12679. Hanksville 
Canal Co., owner. Drilled by A. G. Denny in August 1934 for 
Utah Emergency Relief Administration. 



Top. 

Soft, light-colored sand 

Soft, light-colored sand 

Li gilt- colored sand and blue shale 

Coarse, gray sand; bad water rose to 35-foot 

level; yielded 3 gpm by bailer test 

Soft blue shale 

Soft blue and red shale 

Red shale 

Red shale 

Gravel, fair water; 25 gphr by bailer test — 

Red sandy shale 

Light-colored sand; water 30 gpm by bailer 

test 

Light-colored sand 

Hard brown sand ' 

Red sandy shale 

Hard red sand, water at 218 ft; 50 gpm by 

bailer test 

Soft red sand 

Soft white sand, good water, artesian flow 

over top of casing 

Soft red sand; artesian flow 5 gpm, with 

shut-in pressure reported 40 ft above land 

surface 

Bottom. 



Thick- 
ness 
(feet) 



5 
20 
10 

13 
2 
5 
5 
5 
5 

40 

30 
20 
15 
40 

15 

62 

36 



Depth to 

bottom of 

stratum 

(feet) 



5 
25 
35 

48 
50 
55 
60 
65 
70 
110 

140 
160 
175 
215 

230 

292 

328 



332 



1 The coordinate Tnimber gives location of well by Township, Range and Section, 
according to a system used for water wells throughout Utah. This number in- 
dicates that the well Is well no. 1 in the NWHSEHNE14 sec. 16, T. 28 S=, R. 11 W. 
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A second well in the same quarter section, drilled for 
the camp of the Civilian Conservation Corps in 1939, 
went to the same depth and also encountered the 
artesian flovv . Opening of this well is reported not to 
reduce the flow at the first well. The pressure head of 
this CCC well -No, (D-28-11) 16aca 1 — was about 22 
ft above land surface in December 1946, after 10 min 
recovery. This is considerably higher than the out- 
crop of the Entrada sandstone along the Dirty Devil 
River about 3 miles to the northeast. 

A third well, drilled at the airport in 1946, also 
started in the upper part of the Entrada. The log of 
this well is as follows: 

Well (D-27-11) 34 dca 1. State application 16795. Civil 
Aeronautics Administration, owner. Drilled by L. W. Dalton 
in May and June 1946. 

[4J,^-in. casing, 360-638 ft; perloration at 618-638 ft] 



Thick- 
ness 

(feet) 



Depth to 

bottom of 

stratum 

(feet) 



Top. 

Quaternary: Dune sand 

Jurassic. 

Entrada sandstone: 

Sandstone, some shale 

Shale, sandy, soft 

Shale, red 

Sand, good water, rose to 136 

Shale, blue 

Sand 

Oarmel formation: 

Shale, blue. hard, lime layers 

Limestone, white (set 6)^-in. casing, good 

water shut ofT) 

Shale, brown- _ _ 

Limestone, hard 

Shale, blue 

Sandstone, gray, hard 

Sandstone, red, hard 

Shale, alternating gray and blue 

Gypsum, white 

Shale, red, soft 

Shale, red, hard 

Shale, red, soft 

Shale, red, hard 

Shale, gray 

Shale, red, soft 

Sand (water, 100 gphr) 

Bottom. 



31 



31 



122 


153 


17 


170 


3 


173 


125 


298 


10 


308 


41 


349 


39 


388 


5 


393 


3 


396 


10 


406 


4 


410 


11 


421 


27 


448 


70 


518 


5 


523 


13 


536 


37 


573 


27 


600 


10 


610 


8 


613 


3 


616 


22 


638 



The very small flow of ''good'' water encountered at 
173 to 298 ft is probably from the same aquifer that is 
productive at Hanksville 2^ miles to the south. It 
should be noted that there is a small fault about mid- 
way between Hanksville and the airport. 

The fact that more water was found at Hanksville 
than at the au-port and the fact that there is little 
seepage from the Entrada along the Diity Devil Hiver 
below Hanksville suggests that the piezometric surface 
of the water in the aquifer rises southv/ard. It is 
possible that the intake area for the potable water in 
the Entrada is along the east side of Mount Ellen. 



Indeed, all the streams draining castv/ard from Mounts 
Ellen, Pennell, and Hillers cross the Entrada and m_ay 
contribute to ground water in that formation. 

Granite Creek issues onto the top of the Entrada 
near Granite Ranch at an elevation of about 5,000 ft 
above sea level. Beds lower in the Entrada are ex- 
posed a few hundred feet higher in Reservoir Basin a 
mile and a half nearer the mountain. If the streams 
draining east from Mount Ellen are the source of the 
water in the Hanksville aquifer the maximum height 
of the piezometric surface north of the mountain 
would be lower than the outcrops in the vicinity of 
Granite Ranch. 

If it could be ascertained that the piezom.etric surface 
2 or 3 miles directly south of Hanksville is significantly 
higher than at Hanksville it would lend considerable 
encouragement to the possibiUties for further develop- 
ment of that aquifer. It would also encourage explora- 
tion for ground water in nearby areas where the geology 
is similar, as for example, south of Mount Hillers and 
along the syncline east of Mount Ellen. 

Other water weUs have been drilled at Garvin's 
ranch and m sec. 19, T. 29 S., R. 12 E., but these wells 
did not find good water. They do furnish water for 
use of stock. Log for the well in see. 19, T. 29 S., R. 
12 E., is as foUov/s: 

Well (D-29-12) 19 bed 1. State application 13795, Bureau 
of Land Management, owner. Drilled by C. M. Erb, December 
1935. 



Thick- 
ness 
(feet) 



Top. 

Quarternary: Dune sand 

Jurassic: 

Entrada sandstone : 

Red sandstone 

YvTiite sandstone (first water) 

Red sandstone 

White sandstone (second water) 

P.ed sandstone 

Red shale 

Red sandstone, hard except from 201 

218 

Carmel formation: 

Red shale 

Blue shale 

Uypsum 

Blue shale 

Red shale 

Hard red flint rock 

Red shale 

Blue shale 

Red shal e 

Red sandstone, hard 

Red shale 

Bottom. 



71 
2 

16 
3 

8 
37 

208 

78 
6 

13 
3 
7 
6 
9 

20 
7 

21 

87 



Depth to 

bottom of 

stratum 

(feet) 



74 
76 
92 
95 
103 
140 

348 

426 
432 
445 
448 
455 
461 
470 
490 
497 
518 
605 



Formations m the structural basin that probably 
would yield at least small quantities of satisfactory 
artesian water include the Ferron and Dakota sand- 



216 



GEOLOGY AND GEOGRAPHY OF THE HENRY MOUNTAINS REGION, UTAH 



stones, some of the sandstones in the Morrison forma- 
tion, the Curtis, Entrada, and Carmel formations, and 
the Glen Canyon group. 

OIL AND GAS POSSIBILITIES 

If any commercial reserve of oil or gas is present in 
the Henry Mountains structural basin it is probably in 
Pennsylvanian or older formations. Most of the drill- 
ing in southeastern Utah has been on the uplifts and 
with discouraging results, but there is a possibility that 
the uplifts are rejuvenated ancient folds and that some 
Pennsylvanian and even pre-Pennsylvanian formations 
may thin out by angular unconformity against the 
flanks, as at the Uncompaghre uplift (Dane, 1935, pp. 
51-52). If this condition actually exists the flanks of 
the Henry Mountains structural basm may contam 
stratigraphic traps of oil or gas. 

The thickness of the stratified rocks has been deter- 
mined on the San Rafael Swell by the test Vv^ell of the 
California and the Continental Oil Cos. v/hich was com- 
pleted in the pre-Cambrian crystalline basement. The 
possibility of overlap along the flank of the Swell could 
be tested by geophysical measurement of the depth to 
the crystalline basement in the Green River Desert, 
east of the San Rafael Swell. 

Except for the large domes around the stocks the 
geologic structure at the surface in the Henry Moun- 
tains region is not favorable for accumulation of oil or 
gas, but there is no way of knowing to what extent, if any, 
the structure of the Pennsylvanian and older rocks 
differs from the structures of the younger formations. 

Two wndcat wells have been drilled and abandoned 
in the northeast part of the structural basin. The well, 
locally referred to as the MuUer well, at the northwest 
corner sec. 9, T. 27 S., R. 12 E. is probably the same as 
the Mount Vernon Co, well reported by Clark (1919, 
p. 9) who states that the weU was drilled to 2,715 ft: it 
probably bottoms in the Triassic formations. Accord- 
ing to local ranchers the second, Garvin's well, in sec. 
33, T. 25 S., R. 12 E. is only a few hundred feet deep. 

A well about 4 miles northwest of Caineville, just 
outside the area mapped, was drilled to the Permian at 
a depth of 3,650 ft, by the Ohio Oil Co. This well also 
was unproductive. 

A well on the Circle Cliffs uplift west of the Water- 
pocket Fold tested Pennsylvanian formations but failed 
to produce oil (Gregory and Moore, 1931, p. 157). 

COAL 

In the Henry Mountains region coal occurs in the 
Dakota sandstone, the upper part of the Perron 
sandstone member of the Mancos shale, and the upper 
part of the Emery sandstone member of the Mancos. 



Several of the coal beds have been opened to meet local 
fuel needs. 

Coal in the Dakota sandstone has little commercial 
value. In places the beds are thick but they are 
lenticular and discontinuous. As shown by the geologic 
map (pi. 1) the Dakota sandstone is absent in much 
of the structural basin. Coal beds in the Dakota 
sandstone were seen at the following localities: 

Maximum thickness 12 in.; coal very 
shaly. 

Maximum thickness 14 ft 8 in.; thins 
out in 750 ft; very shaly; much 
sulfur aloug bedding planes and in 
veinlets. 

Maximum thickness in sec. 21 is 6 ft 
9 in., but thins north to maximum 
of 1>'2 ft in sec. 16. Thins out east 
and north; in sec. 21 lov/er half of 
bed is shaly, upper half is good 
except for abundant sulfur. 

At east edge of section is maximum 
thickness of 9 ft, very shaly coal; 
thins to 8 in., at north edge of sec, 
23; probably thin or absent in sec, 
14 and is absent in sec. 11. Bed is 
sharply flexed and broken by small 
faults, 

12 ft coaly carbonaceous shale. 



T. 28 S., R. 10 E., 
sees. 15 and 22. 

T. 30 S., R. 10 E., 
sees. 15 and 22. 



T. 30 S., R. 11 E., 

sees. 16 and 21. 



T. 31 S., R. 9 E., 
sec. 23. 



T. 31 S., R. 11 E., 

sec. 23. 
T. 28 S., R. 8 E. 

(proj.) 



Lenticular coal, locally 2 to 3 ft thick 
dips steeply southeast at the reef 
northwest of South Caineville Mesa. 
The thickness is maintained for 
about three-quarters of a mile along 
the outcrop. 
T. 35 S., R. 9 E. Head of the large box canyon 1^ 

(proj.) miles north northwest of Thompson 

Beep, three miles west of Eggnog; 
2}4 ft shaly coal, thins eastward. 

The outcrop of the coal-bearing portion of the Ferron 
and Emery sandstone members is shown, together with 
coal sections, on an accompanying map (pi. 22) . The 
rank of the coal in these two formations is near 
the border line between subbituminous A and high 
volatile bituminous C coal (American Society for 
Testing Materials, 1938). 

Everywhere north of the Fremont River there is a 
carbonaceous zone, generally coal-bearing, at the top 
of the Ferron. One of the most valuable coal beds 
of the structural basin is in this zone. This coal bed 
is 7 ft thick at the Factory Coal mine (fig. 18^) where a 
few tons are produced each year for local use. An 
analysis of a sample of the coal bed is given in the 
table on p. 218. The coal bed thms considerably north 
and south from the mine but apparently maintains 
its. thiclaicss in a southwesterly direction across the 
trough of the syncline, because it is 7 ft thick in the 
hogback Iji miles southwest of the mine. The thin- 



RESOURCES 



217 



ning to the north and to the south is repeated along 
the hogback, and iK miles to the south the bed is 
worthless. 

North of the Factory Coal mine the carbonaceous 
zone at the top of the Ferron generally contains two 
fairly thick coal beds separated by shale. These beds 
are somewhat faulted, so the commercial value of the 
coal there is reduced by the increased difficulty of 
mining. 

Between Mount Ellen and the Fremont River 
little is knovy^n about the coal-bearing pa^rt of the 
Ferron because it is largel}^ buried by alluvium and 
fanglomerate. A thick coal bed at the northwest 
foot of Mount Ellen appears to be limited to the 
southwest part of T. 30 S., R. 10 E. The coal bed in 
sections 1 and 12, T. 32 S., R. 9 E., is restricted to the 
area between the two coal sections shown on plate 22. 
The coal-bearing part of the Ferron is present at many 
places between the laccoliths on Mounts Ellen and 
Pennell, but very few outcrops of coal were found. 
At the outcrops the coal beds are thin and have been 
metamorphosed to semianthracite. The thick bed in 
sec. 35, T. 30 S., R. 10 E., hovv^ever, is not semian- 
thj:'acite. A good coal bed that locally is fairly thick is 
exposed in the Ferron southwest of Mount Hi Hers, 
The Stanton mine was opened about 1895 on this 
coal bed to supply placer gold operations along the 
Colorado River, but little or no coal has been taken 
from the mine in the last 50 yr. The coal thins rapidly 
in all directions from the mine but can be traced at 
least as far west as Muley Creek. The coal-bearing 
part of the Ferron is largely concealed along the 
steeply dipping western edge of the basin; exposures 
are few and only thin beds were found in them. 

On the coal map (pi. 22) a heavy dashed line has 
been placed to indicate the approximate position at 
which the Ferron coal beds are 1,000 ft below the 
surface. The Ferron coal is 1,500 ft below the base 
of the Emery sandstone member, so the outcrop line 
of the base of the Emery shown on the geologic map 
marks that thickness of overburden. 

The coal-bearing part of the Emery is confined to 
the deepest part of the structural basin, west of Mount 
Ellen and Mount Pennell. Only the lower, non- 
coal-bearing sandstone occurs on the Caineville Mesas 
and Factory Butte. Several tliick coal beds, some of 
v/hich have been mined for local use, occur in the 
Emery. At several localities the outcrops have burned 
but the extent of the burned aTea is slight. In the 
north half of T. 31 S., R. 9 E., the overburden above 
the coal beds in the Emery is generally less than 200 
ft and commonly is less than 100 ft. In the south 
half of the township and farther south the overburden 
is thicker. 

210116—53 15 



Samples of the coal in the Emery were collected at 
three locahties and analyzed by the Bureau of Mines. 
The results of these and other coal analyses are given 
in the following table. It should be noted that the 
coal bed on the steep flank of the Mount Ellen dome 
contains no more fixed carbon than does the same 
bed in the trough of the structural basin. 

FISSURE DEPOSITS OF QOLD^ SILVER, AND COPPER 

Gold, associated with copper, has been produced in 
small quantities from fissufes in the stocks on Mount 
Ellen and Mount Pennell. The mine developments 
prior to 1913 and the geology of the fissures have been 
described by Butler (Butler and others, 1920, pp. 628- 
629). Principal production was from the Bromide 
mine in the Moimt Ellen stock where several thousand 
dollars of gold were produced in 1892. A five-stamp 
mill was erected on Crescent Creek below the mine and 
Eagle City was built (p. 18). The valuable gold-bear- 
ing part of the fissure, though, was soon worked out and 
the mine was idle from 1893 to 1902. It has been re- 
opened only intermittently since then. The estimated 
yield of the ore milled is about $10 per ton. 

According to data assembled by the Bureau of Mines, 
production from the Bromide Basin from 1904-1938 
inclusive aggregated about $7,000. The ratio of pro- 
duction was about 2 oz gold, 3 oz silver, 170 lb copper. 
The mine workings from which production was obtained 
consist of a shaft about 125 ft deep and a 380-ft drift 
along the fissure. The ore was obtained from stopes 
above the drift. Later a winze was sunk 60 ft below 
drift level. A crosscut about 1,125 ft long and 360 ft 
below the level of the drift was driven westward from 
Crescent Creek to beneath the old workings. There is 
a raise of unknown height 80 ft from the breast of the 
crosscut. 

The original workings were caved and only the upper 
part of the shaft could be examined in 1937. Butler 
gives the following description of the productive work- 
ings (Butler and others, 1920, pp. 628-629) : 

The Bromide vein * * * strikes a little east of north, 
and dips very steeply west. It has rather well-defined walls, 
the distance between which varies greatly along both the strike 
and the dip, in places coming nearly together and in other 
places separating to a vfidth of 4 foot or more. 

Numerous fractures that cross the main vein nearly at right 
angles appear as a rule to have had little effect on it. There has 
been slight movement in some of them, and it is said that one 
small cross vein containing amethystine quartz was rich in gold 
where it crossed the main vein. 

The vein filling is very largely brecciated wall rock that has 
been shghtly altered by the ore solutions, some vein quartz, and a 
fibrous white mineral, mainly laumontite though possibly con- 
taining other zeolites. The principal primary metallic minerals 
are pyrite, chalcopyrite, specularite, magnetite, and ilmenite. 
The magnetite and ilmenite may not be true vein minerals but 
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may have been contained in the original quartz monzonite [dio- 
rite porphyry of this report]. A sample of mill concentrates 
contained a large percentage of magnetite, a lesser amount of 
rather feebly magnetic material, and a residue largely composed of 
sulphide and copper carbonates. Native gold contributes most 
to the value of the ore. 

The wall rock in and adjacent to the vein has been somewhat 
altered. The freshest quartz monzonite in the vicinity of the 
vein shows a slight secondary development of epidote and car- 
bonate and a little pyrite. In the vein the feldspars have been 
partly sericitized, the hornblende partly altered to chlorite, which 
has also been deposited in open spaces in small spheroidal masses. 
The alteration of the wall rock has been in most places compara- 
tively slight. To the depth of the tunnel level the ores have been 
partly oxidized, the sulphides altering to oxides of iron and car- 
bonate of copper. 

The crosscut east of the old workings crosses eight 
liigii-angle fissure zones (fig. 1164) in two sets. One 
set strikes northwesterly, the other northeasterly. The 
width of the zones ranges from a few feet to more than 
30 ft. Within the zones the rock is altered and bleached; 
the feldspars are soft and there are clay alteration 
products. Pyrite is common, and there is some chlorite 
and hematite. Between the fissure zones the por- 
phyry is weakly altered and only slightly pyritized. 
The pyrite that does occur is distributed spottily. 

Butler (1920, p. 629) described a vertical magnetite 
vein, trending about north, and located a short distance 
east of the Bromide vein. It was exposed by an open- 
cut and is about 18 in. wide with small stringers extend- 
ing through the adjacent porphyry. He states: 



The vein material is principally magnetite (lodestone) with a 
small amount of quartz and copper carbonate. A large part of 
the copper minerals are associated with the quartz and have 
probably been derived from sulphides that may have been 
deposited most abundantly with the quartz. 

The wall rock has been altered in a manner similar to that of 
the Bromide vein, though in the specimens examined alteration 
appeared more intense in the magnetite vein. 

The ore is said to carry $4 to $5 per ton in gold, and some of 
it contains notable amounts of copper carbonate. The ore 
containing most copper is said to be richest in gold. 

The Kimball-Turner mine, described as the Oro claim 
in Butler's report, was productive about 1900. The ore 
is similar to that in the Bromide vein. Apparently 
most of the production was from a stope located on the 
southeast side of the pillar in the deepest part of the 
mine (fig. 116B). The stope is 25 to 30 ft long, 15 ft 
wide, and 35 to 40 ft high. It pitches 45'' to 50'' south. 
Its west wall strikes N. 50° E. and is about vertical. 
The stope is along a breccia chimney beneath a fissure 
that strikes N. 50° E. and dips 55° S. Between the 
portal and the first turn the tunnel passes through four 
minor fissures along which the rocks are brecciated and 
oxidized for a width of about 12 in., but only slightly 
mineralized. West of the turn at the north end of the 
room to the north is a network of intersecting veins 
and fissures in an area about 20 ft long and 15 ft wide. 
Other zones of fissuring in this mine are narrow. 

Small irregular fissm^es, in the Mount Pennell stock, 
mostly along the north side of Straight Creek, have been 
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Figure 11&,—A. Map of the crosscut at the Bromide mine. The localities numbered are zones of alteration in which the fissures strike and dip as indicated. B. Map of 

the Kimbai-Turner mine. The fissures are Indicated by the strike and dip symbols. 
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prospected. Iron-oxide and copper-carbonate stains 
are abundant locally along the outcrop of the fissures 
and at the faces of the small prospect pits that have 
been opened. Butler reports that the gold is apparently 
in small veinlets that ramify through the brecciated 
porphyry (Butler and others, 1920, p. 629). Similar 
fissures occur in the Mount Hillers stock but most of 
these fissures are only slightly stained by iron oxide or 
copper carbonate. Minute veins of quartz and epidote, 
wider fissures stained by iron oxide, and fissui^es con- 
taining pyrite occur on the ridge between Gold Creek 
and Star Creek, southeast of the peak of Mount Hillers. 
Most of these fissures strike north, northeast, or east. 
Fissures in the Moimt Holmes and Mount Ellsworth 
stocks contain only very small quantities of iron oxide 
and no copper carbonate was seen. 

DISSEMINATED PYRITE IN THE LACCOLITHS 

Many of the laccoliths contain disseminated pyrite 
and their weathered surface becomes stained to various 
shades of brown by the oxides coating the weathered 
surface and fissures. A concentrate of the pyrite ob- 
tained from the head of Wagonroad Ridge, on the east 
side of North Summit Ridge, Mount Ellen, and assayed 
by E. T. Erickson in the chemical laboratory of the 
Geological Survey, was found to contain less than 0.09 
oz of gold per ton of the concentrate. 

MINERALIZATION IN THE SHATTER ZONES 

Metamorphism of the shatter zones around the 
stocks has developed considerable epidote and small 
quantities of a blue am-phibole and garnet. Numerous 
pyritized fissures, marked at the surface by extensive 
iron oxide but containing only small quantities of cop- 
per carbonate, have been prospected in the shattered 
zone around the Mount Ellen stock. There has been 
similar prospecting along the southwest side of the 
Mount Pennell stock about which Butler states (1920, 
p. 630) : 

Some of the limonite is said to contain as much as $20 in gold 
per ton. The contact material at other points is said to contain 
small quantities of gold. 

At the time of the writer's visit several claims had been located 
for thorium, which was said to occur in the epidote. A sample of 
this material, however, which was submitted to the chemical 
laboratory of the Geological Survey was reported by W. T. 
Schaller to contain no thorium and no rare earths. 

There has been considerable prospecting in the shat- 
ter zone northwest of the Mount Hillers stock, at 
the peak of Mount Hillers, and at the head of Mine 
Canyon. Some of these prospects contained fissvu-es 
stained with iron oxide; others like the Star mine, were 
found to be open quartz veins. The individual quartz 
veins are usually less than a couple of inches wide, but 



the veins are reticulated through a width of a few feet. 
Most of them strike N. 80° W. or N. 5° E. 

PLACER DEPOSITS 

Placer gold in the Henry Mountains region has been 
produced from fanglomerate near the foot of the moun- 
tains and from terrace gravels along the Colorado River. 

Placer deposits in fanglomerate near the mountains 
are confined to stream courses that drain from the 
stocks. Thus, of the streams draining Mount Ellen, only 
Crescent Creek is known to have deposited valuable 
gold placers. No valuable placer deposits have been 
found around Mount Pennell although prospectors 
report finding gold in panning tests of the gravel near 
Straight Creek. Straight Creek drains part of the 
Mount Pennell stock, v/hich is known to contain sm.all, 
low-grade, fissure deposits of gold. 

The gravel deposits on the north side of Trail Creek 
east of Mount Hillers, those along the South Fork of 
North Wash and the Poison Spring Benches, and along 
the north and west sides of Mount Ellen have been 
panned by several prospectors and they report no gold. 
Prospectors also report that there is very little gold in 
the gravels along North Wash and Hansen Creeks. 

At the Lawler-Ekker placer deposit in sec. 28, T. 31 
S., R. 11 E., flakes of gold are commonly half a milli- 
meter in diameter but flakes 2 mm long and a millimeter 
thick are not uncommon. The gold occurs in black sand 
streaks at the base of the gravel. The black sand con- 
sists of magnetite, hematite, and probably ilmenite. 
Messrs. Ekker and Lawler estim^ate that the deposit 
worked thus far has produced som_ewhere between 50 
and 75 cents in gold per cubic yard. Placeriog here is a 
seasonal operation, carried on only during the spring 
when sufficient water flows in Crescent Creek for hydrau- 
lic excavation. Total production since 1914, when the 
mining was started, has aggregated a few thousand 
dollars. 

Gravel deposits along Glen Canyon have been exten- 
sively prospected but the gold, which is in tiny flakes — 
0.05 to 0.10 millimeters in diameter (Butler and others, 
1920, p. 638)' — is so difficult to recover that the placer 
operations have not been very successful. Indeed, the 
surface tension of v^ater suffices to float this flour gold. 
Most of the terrace gravels that have been worked are 
175 ft or less above the river. Higher terraces have 
been prospected but not worked. Most of the pebbles 
are small, an inch or less in diameter; 6 in. is the common 
large size. 

The flour gold is not concentrated in black sand 
streaks but appears to be uniformly distributed in silty 
beds, or in gravelly beds cemented with silty matrix. 
This unusual distribution of the gold occurs probably 
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because the minute size of the individual particles offsets 
the high specific gravity. 

Platinum also is present in the gravel deposits but 
the amount is very small. The gold is about 0.960 fine 
and commonly there are 12 parts gold to 1 part of silver 
(Butler and others, 1920, p. 638). 

Mr. Frank Bennett reported that about 1,000 cu 
yd of gravel from the Gold Coin claim (Olympia Bar) 
yielded gold to the value of $730, or about 73 cents per 
ciabic yard (Butler and others, 1920, p. 638). Mr. Bert 
Loper states that 138 cu yd of gravel from the Red 
Canyon (Castle Butte) Bar yielded gold to the value of 
$84, or about 61 cents per cubic yard. Other values 
ranging from a few cents to more than a dollar a yard 
have been reported. Data filed with the Bureau of 
Mines indicate that gold production from Glen Canyon 
has aggregated about $15,000 in the period 1904-38 
inclusive. 

A summary of the placer operations in Glen Canyon 
is given below. 

Summary of the placer operations in Glen Canyon 

[Levels refer to the height above river level] 

North Wash Bar; west side; 6- and 110-ft levels; small pits only 

Hite bars; vrest side; 55-, 75-, 110-, and 250-ft levels; small 

workings at the 75-ft level. 
Grubstake Bar; east side; 15-ft level; gravel deposit 5H ft 
thick buried by slides; several short adits and small rooms 
under slides. The following section was measured at these 
workings: 
Top. Inches 

Gravel with firm clay and sand cement; contains 

best gold value 14 

Gravel with loose sand; soft unit, contains practically 

no gold 14 

Gravel with firm clay and sand cement; contains 

moderate gold value 14 

Gravel with soft sandy matrix; gravel content in- 
creases upward; contains minor quantity of gold__ 14 
Base. 
Dorothy Bar; island only slightly above flood level; not worked. 
Monte Cristo Island; little higher than flood level; not worked. 
Monte Cristo Bar; west side: 100- and 200-ft levels; sm^all 

prospect pits. 
Red Canyon Bar; (also known as Castle Butte Bar); east side; 
1 15=ft level; one of the most productive bars; small open-pits 
in gravel 5-6 ft thick. 
Ticaboo Bar (also called Bank of Ticaboo); west side; 35- and 

60-ft levels; small workings at lower level only. 
Goodhope Bar; west side; 20-ft level; site of one of the largest 
early gold placer operations on the river. A v/atcr wheel 40 
ft in diameter was built to lift water from the river into a 
flume that supplied a reservoir back of the gravel; several 
open-pit cuts, each of moderate size. 
Ryan Bar; island below flood level; v/as seasonally prospected 

for a few years about 1900. 
Olympia Bar; east side; 20-, 65-, 155-, and 175-ft levels; best 
values reported from north end of 175-ft level; extensive 
cuts at the 155- and i76-ft levels; smaller cuts at other levels; 
the water wheel built at Goodhope Bar was mov^H hove- in 
1910. 



Sundog Bar; west side; 40- and 155-ft levels; numerous small 
prospect pits. 

California Bar; east side; north end is 75-ft level, south end is 
50-ft level; three small sets of workings on the lower level; 
original workings that led to Glen Canyon gold rush are at 
north end of lower level; most extensive workings and report- 
edly the best values are at the south end; a talus cone overlies 
the south end of the gravel and adits extend into the gravel 
under the cone. 

Smith Bar; west side; 4-ft level; largely buried by talus and 
sand; worked mostly by adit. 

iVLoki Bar; east side; 60-ft level; small workings at north end; 
small workings at south end. 

Ampitheater Bar; west side; 5-, 60-, and 120-ft levels; pros- 
pect pits. 

New Year Bar; east side; 15- and 55-ft levels; prospect pits in 
upper level; small v/or kings in v/cst end of lower level. 

Burro Bar; west side; 5- and 60-ft levels; upper level almost 
entirely cut away; prospect pits in lower level. 

Boston Bar; east side; 60-ft level; several small pits. 

Anderson Bar; west side; 8-ft level; prospect pits. 

Shock Bar; east side; 50-ft level; open-cuts at south end only. 

Klondike Bar; west side; 70-ft level; small pits. 

Mescan Bar; island below flood level; no workings. 

Wright Bar; island below flood level; no workings. 

Bar above Sentinel Rock; west side; 12-ft level; small pits in 
gravel. 

In 1939 only the Grubstake and Smith Bars were 
being worked. 

It has been noted elsewhere (p. 174) that the gravel 
deposits in Glen Canyon are largely confined to the 
upper 75 miles of the canyon, so it is not surprising that 
21 of the 26 gold placer bars listed are also in the upper 
part of the canyon. All except the last five listed above 
occur within the part of Glen Canyon shown on the 
geologic map (pi. 1). 

The ill-fated attempt by the Hoskinini Company in 
1900 to obtain gold by dredging the channel of the 
river has been described on page IS. 

VANADIUM DEPOSITS 

Vanadium deposits occur at numerous places in 
the Henry Alountains region. The principal feature 
of the d_eposits is their very local occurrence and re- 
striction to two stratigraphic units — the Shinarum^p 
conglomerate and lower part of the Morrison formation. 

The occurrence, general character, and possible 
modes of origin of the vanadium deposits in the 
Colorado Plateaus have been discussed by numerous 
investigators. Butler summarized the data available 
in 1913 (1920,. pp. 152-158, 640) and Fischer (1937; 
1942) has contributed a more recent study and 
summary. 

Most of the known deposits in the Herxry Mountains 
region are in the lower part of the Morrison formation 
that consists of a series of lenticular, coarse-grained, 
and partly conglomeratic sandstone beds and varie- 
gated sandy clay containing numerous tree trunks 
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and other plant remains. The Shinarump is similar. 
These beds are impregnated v/ith vanadium- and 
uranium-bearing minerals that generally are referred 
to as carnotite. The mineralization occurs in at 
least three ways. 

Beds of shaly sandstone in which the grains are 0.1 
mm or less in diameter contain disseminated ^'carrio- 
tite^' masses less than 0.1 mm in diameter, open vugs 
3 mm long and 0.5 mm wide lined with carnotite, and 
impvire lenses of carnotite 5 mm long and 0.3 mm thick 
along bedding planes. Such impregnation may extend 
a few inches or many feet along individual beds less 
than an inch thick and the confining barren beds 
may be finer or coarser grained than the impregnated 
bed. Commonly, v/here the shaly sandstone has sand 
grains 0.3 to 0.5 mm in diam^eter the carnotite coats 
the sand grains and is minutely disseminated through 
the finer interstitial material. The carnotite also 
coats minute clay fragments in these beds. 

Very fine-grained shaly sandstone having flattened 
carbonaceous plant fragments and flattened shale 
fragments a few millimeters in diameter may have 
carnotite concentrated along bedding siu-faces, most 
commonly along the sandy layers. The carnotite 
rarely occurs within the small plant fragments and is 
not concentrated around them. However, where the 
plant and shale fragments are large the carnotite 
commonly impregnates the outer part of the plant 
fragm^ents and the laminae within the shale fragments. 

Some petrified wood has been replaced by carnotite. 
The wood structm^e may be preserved in part but some 
logs have open interiors containing loose rounded 
nodules of carbonaceous plant m_aterial richly mineral- 
ized. Highly silicified logs rarely contain much car- 
notite. 

None of the Morrison or Shinarump deposits is 
large. Selective mining is required to obtain ore of 
the desired grade, which ranges from about 1 to 5 
percent vanadium oxide. The Morrison deposits have 
been worked at several localities east of Mount Ellen 
between Trachyte ii,anch and Granite Ranch and west 
of Mount Holmes and Mount Ellsworth between Shoot- 
aring and Star Creeks. Similar or related copper-bear- 
ing deposits in the Shinarump also contain some car- 
notite. KnowTi nearby deposits are located at Temple 
Mountain in the San Rafael Svfell, in White Canyon 
east of Hite, at Grand Wash in Capitol Reef, and at 
Miners Mountain west of Capitol Reef, 

AQEICXTLTURE, GRAZING, TIMBER 

Lands suitable for farming are distributed along the 
flood plains of the streams and on the gravel benches 
around the foot of the mountains. Because of the 



scarcity of water, however, the extent of land that 
could be farmed is severely limited and will probably 
never aggregate more than several thousand acres — 
one percent or less of the total area. 

Probably the region will continue to be used as range 
for stock — the northern three mountains as summer 
range, the desert as winter range. The mountains and 
the benches around their base provide good grazing 
land. Of the drier lands the sand deserts provide the 
best grazing; the badlands and mesas are next best. 
The canyon areas and the high hogback ridges are 
almost worthless for grazing because so much of their 
area is bare rock. 

It seems unliliely that the stands of timber on the 
mountains will ever be used for more than local needs, 
for they are remote from markets, accessible only with 
difficulty, and limited in extent. 

RECREATIONAL POSSIBILITIES 

The Henry Mountains region, embracing a consider- 
able part of the largest primitive area remaining within 
the United States, offers many attractions to those 
who enjoy visiting places that are off the beaten track 
and different. Those who are stirred by magnificent 
and unique scenery, or who enjoy canyon boating or 
pack train trips, or who can find a prospector's thrill 
in seeking "colors" with a gold pan, or those who 
appreciate such colorful desert for itself and enjoy 
camping in a vast quiet Vv^ill find the region attractive 
and different. 
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South Creek 97-99 144 

Speck Canyon 131-132. 144 

Specks Ridge 130 

Stewart Ridge 132-133, 143-145 

Theater Canyon 13^ 144 

The Horn II9' 144 
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Valleys in the mountains, description 187 

Vanadium 5,11,20,55,76,221-222 

Vegetation 27-35, 175, 177, pi. 3 

See also under plants. 

Viscosity of the magrna, a factor of intrusion 145-1 46 

Vulcanism, possibility of, at time of irruption _, 147-148 

W 

Warmspring Canyon, arches in 171-172 

Water, for drinking.. _ ._ 19 

for irrigation 19 

in the dunal area 177 

Waterpocket Fold, description of 13,177,181 

source of name 214 

Water supplies 212-216 

Water table, perched - 31,214 
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